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From ingot to billet, to plate, 
to sheet, to foil... whatever 
you're rolling you can depend 












4 = 4 on Lewis for rolls that are right 
— : : —right down the line. 
LEWIS FOUNDRY & MACHINE 
DIVISION OF 
BLAW-KNOX COMPANY 
PITTSBURGH, PA. 
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Cutler-Hammer Combination Starters 
offer many advantages that production- 
minded executives and experienced 
electrical supervisors are quick to rec- 
ognize. Combining motor control and 
safety switch in one compact case, they 
save just about half the time required 
for mounting and wiring separate units. 
They effect savings throughout their long 
life by providing greater convenience 
in operation and maintenance. They 
protect motors against overload but, 
through use of the famous Cutler-Ham- 
mer Eutectic Alloy Overload Relay, they 
do not needlessly interrupt production 
on harmless current surges. They pro- 
vide the smooth trouble-free perform- 
ance of Cutler-Hammer Dust-safe Verti- 
cal Contact motor control and a motor- 
circuit switch built to the same high 
standard of engineering excellence. 
CUTLER-HAMMER, Inc., 1269 5t. Paul Ave., 
Milwaukee 1, Wisconsin. Associate: 
Canadian Cutler-Hammer, Ltd., Toronto, 
Ontario. 


CUTLER’ HAMMER 
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Look for these superiorities 
in C-H Combination Starters 


Eutectic Alloy Overload Relay 


This famous engineering achieve- 
ment utilizes a fusible alloy with un- 
varying characteristics. Grips tight 
till the danger point is reached, then 
releases instantly to cut motor off 
the line. Resets without delay. 


Dust-safe Vertical Contacts 
Assure full metal-to-metal contacts. 
No arcing; burning, pitting or weld- 
ing. No dressing or filing. 


Trouble-free Safety Switch 


The motor-circuit switch in a Cutler- 
Hammer Combination Starter is built 
to the same high standard of engi- 
neering excellence as the motor 
control. 


Plenty More Features 
@ General purpose and NEMA 


types 1A, 4, 5, 7, and 9 special 
service enclosures. 


@ Heavy-duty contactors, open and 
accessible. Pivoted construction and 
self-aligning armature eliminate slid- 
ing friction, assure positive, equal- 
ized contact pressure and quiet op- 
eration, 





@ Magnet coils, vacuum-impreg- 
nated, solid 100% filled. Easily ac- 
cessible, 

@ Disconnects; side-operated safety 
switch; front-operated contactor 
type or thermal type circuit breaker. 


@ Low voltage control circuit from 
self-contained transformer. 





@ Vise-type main circuit fuse clips. 






@ Reversing or non-reversing. 


@ Cadmium plating or stainless steel 
metal parts protect against rust. 
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Why e’re about to close another year, balance our books, take our 


| 
| , inventory, report to our stockholders. 
” But there’s one account we never close out — one we can’t enter, 
audit — and then forget. That account is friendship. 
At this pleasant time of the year, let’s forget about business and 
think about friends. Let’s thank God for our business friendships 


—and for the privilege of saying once more to all our friends 
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THE NATIONAL ROLL & FOUNDRY ‘CO. 


AVONMORE, PENNSYLVANIA 


Uanufactarenrs of: Att GRADES OF CAST ROLLS © IRON & ALLOY IRON 
STEEL @ ALLOY STEEL @® HEAVY IRON & STEEL CASTINGS @ ROLLING Milt EQUIPMENT 
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The Tubing Industry and Aetna-Standard have 
grown up together as partners in a great American 
enterprise. 

The Aetna-Standard supremacy as a builder of 
tube mills began with R. C. Stiefel, who developed 
the first tube mill as a member of the firm of The 
Standard Engineering Co., Ellwood City, Pa., 
predecessor of The Aetna-Standard Engineering 
Company. 

In the intervening 40-odd years, the tubing 
industry has co-operated with Aetna-Standard in 
developing new ideas, new methods, and new mills. 

Tubes have increased in size and length — up to 
50’ lengths and 24” diameters. Instead of measur- 
ing a day’s production in feet, modern Aetna- 
Standard mills make it possible to count in miles. 
Quality has steadily improved, yet operating costs 
have decreased. 

As the world’s foremost tube mill builder, 
Aetna-Standard has designed and _ constructed 
most of the seamless tube mills in this country and 
many foreign lands. Aetna-Standard is the only 





American company which has built seamless tube 


mills in the past 10 years. 5 


The supremacy continues into the field 
of continuous buttweld pipe mills. 
Aetna-Standard has designed and built 
the mechanical equipment complete 
for 7 mills in the last 6 years. 


To you who may be contemplating a capital 
expenditure for tube or pipe mill equipment, this 
supremacy is important. Aetna-Standard is the 
only company which has all the facts and figures 
you need to consider your investment in the cold 
light of costs. 


Most important of all, 
Aetna-Standard is the only 
company which has engi- 
neered and buill a complete 
seamless tube mill or a com- 
plete continuous bultweld 
pipe mill. 


THE AETNA-STANDARD 


ENGINEERING CO. — YOUNGSTOWN, OHIO 


ASSOCIATED COMPANIES: 


IGNERS AND BUILDERS 
to the Steel, Non-Ferrous 
and Chemical industries 


HEAD, WRIGHTSON & COMPANY, LIMITED, THORNABY-ON-TEES, ENGLAND 
JOHN INGLIS COMPANY, LIMITED, TORONTO, ONTARIO, CANADA 





Jones. double reduction Her- 

ringbone Reducer driving 

blooming mill slab pusher on 

runout table. 
Jones worm gear 
driving blooming 
mill. crop con- 
veyor. 


Jones triple re- 
duction Herring- 
bone Reducer 
driving blooming 
mill shear ap- 
proach table — 
Probitttt-t-)( a See e 
guards. 


@ There are many sound reasons why Jones 
Herringbone and Worm Gear Reducers have 
been selected for these and many other appli- 
cations in the steel industry ... reasons which 
we believe you will also find sound and con- 
vincing when you are considering your drive 
problems. In any case we shall be pleased to 


place complete information in your hands 


covering speed reducers and other Jones 


transmission products. 


W.A. JONES FOUNDRY & MACHINE CO., 4 


Carriage travel for cold strip 
processor driven by Jones 
worm gear. 


x 
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World’s Largest Builder of 
the World's Largest Cranes 


a 
of 8) Win & 
DLE CRANES - GANTRY CRANES . at? al ER er 


AGING MANIPULATORS » SOAKING 
ITGRANES + STRIPPER CRANES 
AB AND BILLET CHARGING MACHINES 
OPEN HEARTH CHARGING MACHINES 
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THE ALLIANCE MACHINE CO. 
ALLIANCE, OHIO 


PITTSBURGH, PA., OFFICE — 1622 OLIVER BLDG. 





No. 20 Youngstown 
size; 100 H.P.; 230 
volts; single motor rat- 
ing. Also available in 
duplex style. 


ee No lubrication ita ic a ants (with . 
© ie onne ‘on main bearings) are self-lubricating and 
‘léng-lived. This means thatthe costly and sometimes © 
forgotten item of. lubricating maintenance is eliminated 


forever. 





eo Calida . leat Reduckal overall 
hase hee convenient mounting holes, and but 
a one suspended sie ; 


ae Small sina seaeake Thich crane lifts are possible 
va the No. 20 because the amount of travel between 
“run” "and * ‘tripped” ‘Positions has been kept ata minimum. 


mee 


a High. interrupting ‘capscity—Two. noraslly 
doen: and two normally closed contacts, mechanically 
interlocked and with wide, vertical opening, always 
"assure positive interruption ost the hoist motor current. 
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This No, 20 Wiest Limit Stop canbe = Folder 1035. gives 
easily installed on new or old cranes, either | complete description. 
| : muerte or direct current operated. Write for your copy. 


Optional Style— be 
with offset weighted- A Crane Without ry Yeuinaehaliin 1s as. RISKY as a Boiler Without a Salety Valve 


arm which eliminates 


intermediate sheaves 
Veeinwenen THE ELECTRIC CONTROLLER & MFG. CO. 


mounted directly over 


hook-block. 
| nn ta 2698 EAST 79th STREET * CLEVELAND 4, OHIO 





ie hse En 


IRON AND STEEL ENGINEER, DECEMBER, 1945 

















Au required tempers can be produced on Mesta 
High-Speed Twin Four-High Cold Skin Pass Mills. These 
mills feature new types of drives and control systems which 
maintain synchronization during acceleration, deceleration, 
and at normal operating speeds. 





In operation and under construction 





NEW KOPPERS AUTOMATIC SELF-SEALING DOORS 
DO AWAY WITH ALL ADJUSTMENTS TO SET SCREWS 


4350 


OF THESE DOORS ARE REPLACEMENTS FOR LUTED DOORS 


The industry that serves all industry 














In byproduct coke-oven design, Koppers leads 


: Buy Victory Bonds ...and keep them! 


KOPPERS COMPANY, INC., ENGINEERING AND CONSTRUCTION DIVISION, PITTSBURGH 19, PA. 


} 
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OU save buying time and bookkeeping, and enjoy greater purchasing 
5 satires by making Airco your source of supply for welding and 
cutting needs. Airco offers oxygen guaranteed 99.5% pure in the cylinder, 
other industrial and rare gases; torches, tips and regulators—everything 
you need for gas welding, cutting, and related processes. 


This comprehensive group of products is readily available through 
Airco offices located in all industrial areas. It’s one of the many important 
phases of Airco’s complete oxygen service to industry. 


An interesting free booklet—“‘Oxygen, Indispensable Servant 
of Industry” —describes other advantages of Airco’s complete ser- 
vice. For a free copy, wrire to Dept. IS at the New York office. 


Arr REDUCTION 


General Offices: 60 E. 42nd St., NEW YORK 17,N. Y. 
In Texas: Magnolia Airco Gas Products Co. » General Offices: Houston 1, Texas 
Offices in all Principal Cities 


VM, WF 4,4 GUARANTEED 99 57 Ae 


IN THE CYLINDER 
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Products 
Manufactured by 


UNITED 


Blooming * Slabbing « Plate - Universal 2, 3, 4-high 
4-high Hot Strip - Bar « Rail and Structural - Merchant 
Rod - Sheet - Skelp - Pipe and Tube « 2 and 4-high Cold 
Strip * Tin - Uni-Temper. 

In all types: Single Stand, One Way or Reversing, Tandem, 
Continuous, etc. For Carbon Steel, Alloy Steels, Copper, 
Brass, Aluminum and other Non-Ferrous Metals. 


Rolls 


“UNEFCO” Green Wabblers Grain and Chill » United 
Nickel Chill - United Moly. Chill - United Spec. Process 
UX Chill and Grain - H.D. Spec. Process - Lincoln 
Special - United Unidense - United Special Steel - United 
Carbon Steel - United Adamite - United VAN-X - United 
Super X * United Straight Chill. 


Auxiliary Equipment 


Ingot Cars 

Manipulators 

Edgers 

Mill Tables 

Transfers 

Hot Beds 

Structural Straighteners 

Bloom Shears 

Vertical Shears 

Hot and Cold Saws 

Rod Reels 

Hot Strip Reels 

Flying Shears 

Shearing Lines 

Slitting and Trimming 
Lines 

UNIDRAW—Continuous 
Draw Benches 

Steam Hydraulic 
Forging Presses 

Electro-Hydraulic 
Forging Presses 

Electro-Hydraulic 
Piercing Presses 

Hydraulic Presses 

Universal Couplings 

Welding Manipulators 


Plate and Squaring Shears 

Precision Levellers 

Cone Type Uncoilers 

Coil Boxes 

Upcoilers & Downcoilers 
(Strip) 

Cold Strip Reels 

Cone Worm Drives 

Gear Reduction Units 

Generated Gears and Pinions 

Continuous Strip Picklers 

Semi-Continuous Strip Picklers 

Rotary Strip Picklers 


Electrolytic Strip Cleaning 
Lines 


Electrolytic Strip Tinning and 
Coating Lines 


United Mill Lubricating 
Systems 

Material Handling Equipment 

Portable Crop Shears 

Lever Shears 

Roll Lathes 

Pressuremeters 

Heavy Weldments 

Annealing Boxes 

Steel Castings 














The Wold 4 Largest Deatgners and Waker of Ralls and Rolling Vl Eguifiment 


UNITED ENGINEERING AND FOUNDRY COMPANY 
PITTSBURGH, PENNSYLVANIA 


Plants at Pittsburgh + Vandergrift * New Castle + Youngstown + Canton 


Subsidiary : Adamson United Company, Akron, Ohio 


Affiliates: Davy and United Engineering Company, Ltd., Sheffield, England 


Dominion Engineering Works, Ltd., Montreal, P.Q. Canada 
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English Represent- 
ative: International 
Construction Co., 56 
Kingsway, London, 
W. C. 2, England 


" G 
42 STEAM FAWN 
SWEAR 24 BILLE 
and SLAB WALL 
MORGAN 
RUCTION CO. 
CONS ESTER, WASS. 
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NILSON Rectangular and 
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Wy YY Cylindrical Bell Type 


Furnaces for Steel pum 
Coil Annealing fees 
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= Tue Lee Wilson Engineering Company 


is ready for the new expansion in the 


® = rT eeeee 2 strip sheet and tin plate industry. 


oT >|, New developments in the use of radiant 
3 tube and convection heating will in- 
<A crease the tons per hour yield in 
annealing furnaces designed for larger 
coil diameters and increased piling 
heights. 


ENGINEERED AND CONSTRUCTED BY THE 


W; ENGINEERING Co., Inc. 
TW 4 20005 West Lake Road CLEVELAND, OHIO 
Telephone ACademy 4670 » 
2.068.477. 2.078.356. 


Sold by The WEAN ENGINEERING CO., Inc., Warren, Ohio age eng mn 





5 INDUSTRIAL FURNACES * RADIANT TUBE HEATING « HEAT TREATING PROCESSES 


THE MUFFLER 





The FLUOR Air-Cooled Muffler cools itself ...and the 
entire exhaust system... by using engine exhaust 
energy to pull a steady stream of air through its entire 
length. No insulation of any kind is required. Corro- 
sion in the entire system is minimized because of cooler, 
drier operations. This coclness means less shutdown 


time for painting, and longer muffler life. 





THE FLUOR CORPORATION, LTD., 2500 S. Atlantic Blvd., Los Angeles 22 
NEW YORK * PITTSBURGH * KANSAS CITY * HOUSTON ¢ TULSA * BOSTON 


AUTOMOTIVE STATIONARY MARINE 


FLUOR 
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LF COOL 


All FLUOR Air-Cooled Muffler 
Designs are fully protected by 
U.S. Patents & Patents Pending. 


AIRCRAFT 


RAILROAD 





ENGINEERS - MANUFACTURERS +- CONSTRUCTORS 
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There’s no trick in keeping a new 
pickling tank tight. 


But after the newness wears off, 
keeping it tight and leakproof depends 
on the tie-rods. 


What's the test of a tie-rod? 


Can yours be repeatedly drawn up? Do 
they maintain their holding power, and 
thus reduce repair and maintenance 
costs? Do they keep seams tight, and 
Save you the trouble and expense of 
replacing acid lost through seepage? 


You’ll answer yes... if your tie-rods, 
nuts and washers are Monel.* For 
Monel is strong and tough; it provides 
exceptional resistance to corrosive 
Pickling solutions. 


When the Rods are RIGHT... 


Compare this performance 


In tests undertaken by a large steel 
mill, Monel tie-rods remained smooth 
(and were only slightly discolored) 
after 2448 hours in a 5-7% sulfuric 
acid picklé at 180° F. Under identical 
conditions, two other commonly used 
tie-rod metals showed serious deterio- 
ration with only a core of original metal 
remaining. 


Load tests after service revealed 
that the Monel rods had a greater than 
3-to-1 strength advantage over both 
competitive metals. Furthermore, the 
condition of the threads on Monel rods 
was better; there was no significant at- 
tack ahead of the nut. In other words, 
full usefulness of the rods was pre- 
served. Nuts could be tightened with- 
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Your tants STAY TIGHT! 


out danger of stripping the threads or 
snapping the rods. 


A valuable report for you 
When you order new tanks... or find it 
necessary to re-rod those you have... 
you'll want to consider the many ad- 
vantages of Monel tie-rods. We suggest, 
therefore, that you send for the inform- 
ative report, Summary of an Extensive 
Tie-Rod Test Program. Its charts, 
drawings, tables, photographs and text 
bring you a lot of factual, helpful ma- 
terial. Write today for your copy. The 
International Nickel Company, Inc., 
67 Wall Street, New York 5, N. Y. 


*Reg. U.S. Pat. Off 


Monel 


17 





The Mackintosh-Abramsen 
straightener 





removes end berids 








THE MACKINTOSH-ABRAMSEN STRAIGHTENER speeds up 
production, cuts operating costs and delivers an 
absolutely straight product—end to end. 

There are no guides to ring or score the stock. 
The action of the rolls can be controlled to produce 
the exact quality of surface finish that is required. 
Elimination of supporting guides, the use of sym- 
metrical passes, and a balanced arrangement of the 
drives, result in a very considerable power saving— 
the power consumed per foot of product sized or 
straightened is usually about fifty per cent of that 
required by other machine types. 

Because Mackintosh-Abramsen straighteners are 
not closed in, all parts can be easily reached for 
rapid adjustment and roll changes. This feature 
results in less ‘‘down-time,’’—more production. 

By setting the middle pair of rolls out of line in 
relation to the other two pairs, an ideal condition 
for end to end straightening is accomplished thus 
guaranteeing absolute straightness of stock. The 
double roll middle pass prevents weaving or side- 
wise movement of the stock and causes straighten- 
ing of long bends and end camber to take place in 
three passes instead of one. The bending action on 
the stock takes place from the end of the rolls in 
the first pass to the end of the rolls in the middle 


pass, and again from the middle pass to the third 
pass. Thus the bending or straightening action on 
the stock is from section to section of the stock, 
and is not dependent on the contour of the rolls. 

The symmetrical contour of the rolls forming the 
three passes and the balanced arrangement of the 
driven rolls result in a uniform wear on the surface 
of the roll. The rolls are continuously ‘‘wearing in” 
instead of ‘‘wearing out.’’ The machine, therefore, 
requires fewer roll dressings and, hence, gives 
greater roll life. 

The straightener is available for cold finishing of 
hot rolled or cold drawn bars up to 9’ diameter, 
and tubing or pipe in all sizes from 4’’ O.D. to 
28” O.D. On some products, production speed 
in excess of 500 feet per minute is attained. 


MACKINTOSH-HEMPHILL COMPANY, Pittsburgh and Midland, Penna. 
Makers of the Rolls with the Red Wabblers 














PRESENT-DAY PRACTICE 


Investigate the possibilities of the Mackintosh-Abramsen Straightener 








Wing Revolving Heaters for 
Hard-to-heat Buildings 
“Thorough Penetration, Uniform Coverage 


he photographs shown on this page exemplify fresh, live, invigorating warmth to workers. And in 

the type of industrial building where heating is a Summer, with the steam turned off and the fans on, 
serious problem. Railway shops are notoriously hard these same revolving outlets keep the air in constant, 
to heat and the success with which Wing REVOLVING gentle motion, bringing relief and comfort on the 
Unit Heaters have met this problem is an indication of hottest days. 
their suitability for all types of industrial buildings 
regardless of heating difficulties. 

Revolving discharge outlets give thorough, uniform 
coverage, circulating under and around obstructions, 
into far corners and repair pits, giving a sensation of 


OE tig 
Both views in Locomotive™ 
Shop of Northern Pacific 
Railway Co., Livingston, 


Montana. 
— 








I 


L. J. Wing Mf.Co. 154 W. 14th St., New York 11, N.Y, 


Factories in Newark, N. J. and Montreal, Canada 


REVOLVING UNIT HEATERS 


seen eae, FOG ELIMZ<ATORS, = (ss PROCESS s ATH EAMAUSTERS SHIP VENTILATORS 
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OKONITE 


OKOLITE-OKOPRENE 
for high voltages 


Okolite - Okoprene 

high voltage cables are 

supplied for service up 

to 35,000 volts a. c— 

110,000 volts d. c. with pro- 

tective shielding as conditions 

demand. Hundreds of thousands 

of feet of Okolite-insulated high 
voltage cables for generator leads, 
high voltage feeders to motors, trans- 
former leads, submarine cables and other 
power circuits have proved their efficiency 
under all kinds of operating conditions. 


OKOCORD iii. 


CABLES 


Extra flexible 
stranding is stan- 


ard in all Okocord . 


rtable_ cords and 

cables. designed for 

leads on electrical weld- 

ing equipment, tools, port- 

able equipment, magnet 

cranes, dredges and electric 

shovels. Designed to transmit 

uninterrupted Fe: under the 

most severe conditions of external 

_ abuse. This cable is furnished with a 

cord-reinforced Okoprene jacket that 

resists oil, is non-flammable arid unaffected 
by sunlight and exposure. 
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OKOLITE-GKOPRENE 


Versatile, low in maintenance 

cost, Okolite-Okoprene* is 

designed for service up to 

5,000 volts, for control wir- 

ing, lighting and power circuits. 

Its Okolite oil-base insulation 

has excellent electrical properties. 

Its outer protective jacket of non- 
flammable Okoprene resists moisture 

and oil as well as abrasion and corro- 
sion. Contains no fibrous coverings to rot. 
May be buried in earth, exposed to sun and 
elements. Simple to handle, splice and terminate. 


*Pactent No. 2,312,058 


- _ Okonite aoe cam- 


"brie insulated wires and 
$ seiblesfor operationsup’ 
to 28,000 volts comprise 


Re _ acomplete line for all types 


f ‘of power circuits. A wide 
_ fange of outer protective cover- 
ings i is available. These outer cov- 
erings include fibrous sheaths, lead 
sheaths, interlocked metallic tape and 


armor wire, asbestos braid, and flame re-_ 


tardant cotton braid as well as Okoprene 
on other conan synthetic © sheaths. 


Engineers in all branches of industry are invited 
to bring their problems of electrical transmission 
and distribution to Okonite engineers. By com- 
bining their experiences, the correct selection of 
wires and cables is made easy, low maintenance 
and long life assured. The Okonite Company, 
Passaic, New Jersey. 


OKONITE a& 


SINCE 1676 


insulated wires and cables 


4182 
























CROUSE-HINDS 
FLOODLIGHTS 


The illustrations show a representative selection from the dozens of different 
Crouse-Hinds floodlights — each designed for its particular purpose. Crouse- 
Hinds lighting engineers will recommend the proper selection and arrangement 
of floodlights for any application. Send drawings and details. 











No. 4 == 
oye MDB-8 of a series of advertisements which demon- T FS 
gee strate that CROUSE-HINDS “complete ties Rictainn 
line’ means much more than just a range 25-Watt 
of sizes—there is a wide variety of highly 
specialized types in each classification. 
Type RLEE-14 











xplosion-Proof 
500-Watt 





Type ADE-12 
Heavy Duty 


200 or 250-Wart 


Type VCD-6 
Roadway Lighting 


Type MDB-10 60 to 100-Watt 


200-Watt 











Type RCDE-8 
Explosion-Proof 
200-Watt 





Type RCDE-8 
Explosion-Proof 
Portable 
200-Watt 











Type MDB-14 
500-Watt 














{ te 


~1y. Tvpe DCE-18 
mae Vickeine Long-Range Searchlight 








Tvpe ADE-14 


Heavy Duty Type RMC-8 00-W 
500-Wall Wall Mounting . _ 
100-Watt 








Type MDB-16 
1000-Watt 





wri D-8 

a ounting Type SPS for 

100 to 200-Watt underwater lighting 
of swimming pools 





Type LCE-1120 
Heavy Duty 
1500-Watt 





- 





Type ADE-16 
eavy Duty 
1000-Watt 





Type MUA Elliptalux 


T R e 
750 to 1500-Wait ype RCD-8 


Floor Mounting 
100 to 200-Wartt 








Type DCX-18 
Long-Range Searchlight 





A 
iE tetetah ate) 
SD t-seatelttelesa! 





- ithe he , Type ADR-14 Type ag Ss RMF-12 alte t Fl 1| 
ype umalux eavy Duty eavy Duty all Mounting Type GCP-1 antern trical} 
750 to 1500-Watt Portable 500-Watt 2000-Watt 150 or 200-Watt 300 to 1500-Wate Through Electric 






Wholesalers 


Rene 


AMO ME 





CROUSE-HINDS COMPANY OB 4 


Syracuse 1, N. Y., U.S.A. 
Offices: Birmingham — Boston — Buffalo — Chicago — Cincinnati — Cleveland — Dallas — Denver — Detroit — Houston — Kansas City — Los Angeles — Milwaukee — Minneapolis 


New York — Philadelphia — Pittsburgh — San Francisco — Seattle — St. Louis — Washington. Resident Product Engineers: Albany — Atlanta — Charlotte 
CROUSE-HINDS COMPANY OF CANADA, LTD., Main Office and Plant: TORONTO, ONT. 


TRAFFIC SIGNALS - AIRPORT LIGHTING - FLOODLIGHTS 










CONDULETS - 
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ay Peace, Joy and 
Happiness be yours 
at Christmastime 
snd thicoiagheaist the 


coming year. 


Gaitea Cnpincoring ant! Soanchy Company 


PITTSBURGH, PENNSYLVANIA 
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IS IT SHARP...ABRASIVE... 


to-Handhe? 


@ Materials that prove “too much” for belt or apron conveyors 


__ Then move it with a 


LINK-BELT 


7 C 












ONVEYOR! 





are being handled easily, at low cost and with far less main- 
tenance, with LINK-BELT’S New Oscillating-Trough Con- 
veyor. 


Several years service, handling hot sand, castings, steel scrap 
from shears, rolling mill scale, borings, wet and abrasive ma- 
terials fully demonstrates the outstanding advantages of this 
conveyor, in foundries, machine shops or wherever material 
handling is a really tough problem. 


Flexible in the extreme, the O-T Conveyor can be built to a 
wide range of capacities, can be installed to any length, and 
with longitudinal partitions will carry more than one material 
without mixing or spilling. Metal working plants, mills, and 
smelters have needed the O-T Conveyor. Here it is, service- 
tested, proved, and backed by the builders of the most com- 
plete line of conveying and materials handling machinery. 


LINK-BELT COMPANY 


Chicago 9, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, Minneapolis 5, San 
Francisco 24, Los Angeles 33, Seattle 4, Toronto 8. Offices in Principal Cities. 


Long-hanger type  oscillating- 
trough conveyor, carrying hot 
sand and castings from shakeout. 
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Short-hanger type, oscil- 
lating-trough conveyor, 
adaptable to installing ina 
shallow trench, for convey- 
ing turnings, borings, etc. 
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TERMINAL 
PAD 







GASKET 


5 KV 
ONE PETTICOAT 





15 KV 
THREE PETTI- 
COATS 








“— INSULATOR 




















WASHER 
High Current Rating 500 to 3,000 Amperes ee BUSHING 
Voltage Ratings— 5,000 and 15,000 Volts SPLIT TYPE 










NON. 
MAGNETIC 
This is a dry-type bushing made of wet process porcelain. teint 
All joints between the porcelain and metal parts are sealed 
by clamping without the use of cement. This method of 
union applies to the terminal stud as well as to the 
flanges and provides an oil-tight joint between the porce- 
lain and the transformer cover. The elimination of cement 
facilitates replacement of the insulator and assures oi/- 
tight and gas-tight joints. 

On the lower end of the bushing conductor, a laminated 
connector is attached to the transformer lead. Being 
flexible, this connector eliminates the transmission of 
stresses from the coil lead to the porcelain insulator. 
The absence of such stresses assures tightness of the 
joints between the porcelain and metal parts. Heavy 
alloy bolts are used throughout for electrical and me- 
chanical connections. 

Unnecessary losses and heating are eliminated by 
mounting the bushing in a non-magnetic slot cover. 
Non-magnetic metal clamps are used for attaching the 
bushing to the cover. These clamps, being of the split 
type, permit easy installation or removal of the complete 
insulator including the hardware. 


cnnayloania TRANSFORMER COMPANY 
88 808 Ridge Avenue, N.S., Pittsburgh 12, Pa. 
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SLOT BOX IN | 
TANK COVER 























SPLIT WASHER 












LOCK NUTS ——"e=5 













BRASS WASHER 















FLEXIBLE 
LAMINATED 
COPPER CON- 
NECTOR 







COIL LEAD 
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RAYOTUBES IN CHECKERS 
SAVE MONEY 
FOR INLAND STEEL 


Inland’s Indiana Harbor plant reduces maintenance costs by 
replacing the thermocouples in the checker chambers of their 36 
open-hearth furnaces with Rayotubes. Where the thermocouples 
demanded considerable attention and burned out frequently, Rayo- 
tubes require little maintenance other than an occasional cleaning 
and checking. Once a Rayotube is installed, it’s there to stay; 
it holds its calibration, and it does not burn out. Instead of going 
to the heat, as thermocouples do, Rayotubes stay in a safe location 
and receive radiation from the hot surface on which they are 
sighting. 



















And Rayotubes are giving Inland much better recorder read- 
ings than thermocouples formerly gave. This is partly due to the 
extreme sensitivity of Rayotubes; since they are sighted directly 
on the roof of the neck arch, with no protection tubes, they have 
no lagging and consequently detect every change in temperature 
the instant it occurs. 










Another and equally important reason for the success of Rayo- 
tubes in this plant is that they measure temperature at a location 
which is too hot for couples. By thus working nearer the maximum, 
they assist the First Helper in avoiding refractory damage. 





This Rayotube at Inland Steel Co., Chicago, is mounted 


in the checker chamber wall of an open-hearth furnace. 

gOur engineers will be glad to make specific recommendations It receives radiation and reports temperatures to the 
for use of Rayotubes, or they will send Catalog N-33B, as you Micromax Recorder (see arrow) by means of the lead- 
prefer. wire, just as a thermocouple would do. 










LEEDS & NORTHRUP COMPANY, 4942 STENTON AVE., PHILA., PA. 


Dee 0) en te) 


MEASURING INSTRUMENTS - TELEMETERS + AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 
Jrl Ad N-33B(6) 
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Win, the operation of Timken 
Bearing Equipped piercing mill thrust 
blocks is almost that fast; no sluggish- 
ness as with plain bearing blocks. 
Zooming from zero to. 1200 RPM for 


example is a matter of split seconds. 


Timken Bearing Equipped thrust 
blocks keep going indefinitely without 


maintenance because friction and wear 


From Zero to Mandrell Speed 





are eliminated; radial, thrust and com- 


bined loads are kept under complete 
control; lubrication is simplified; and 


thrust block rigidity greatly increased. 


For specific information covering the 
application of Timken Bearing 
Equipped thrust blocks in your mills 
consult the mill builder or our 


engineers. 


THE TIMKEN ROLLER BEARING COMPANY, CANTON 6, OHIO 







T. OFF 


BEARINGS 











BzW Direct-Firing 
Pulverized-Coal System 


for Metallurgical Furnaces 





Close regulation of coal-air ratio and volume 
—an important feature in the operation of most metal- 
heating furnaces—is automatically obtained with the B&W 
Direct-Firing Pulverized-Coal Circulating System by con- 
trolling the rate of coal feed to the pulverizer so that it is 
proportional to the primary-air flow. 

Once the controller is adjusted for a specific heat, both 
coal and primary air are always properly proportioned for 
most efficient combustion and with minimum attention of 
the operator, the pulverizer supplies coal of proper fineness 
to the circulating loop at the same rate it is being used by 


Gives You > & e 









the burners at any particular moment. A substantially 
constant density of coal and air is assured in the circulating 
line at all times. 

This automatic control provides the same flexibility of 
multi-furnace operation as with gas or oil—burners may 
be turned on or off, and adjusted as desired. 

Simple, dependable, and convenient, this one-point auto- 
matic control is but one of several cost-saving features that 
make B&W pulverizers so economical for direct-firing of 
metallurgical furnaces—with and without a circulating sys- 
tem—where high output of high-grade metal products is of 
prime importance. 


Write for “Pulverized-Coal Firing of Metallurgical Furnaces,” a 14-page booklet discussing this subject in detail. 





Water-Tube Boilers, for Stationary Power Plants, for 
Marine Service . . . Water-Cooled Furnaces . . . Super- 
heaters . . . Economizers . . . Air Heaters . . . Pulverized- 
Coal Equipment . . . Chain-Grate Stokers . . . Oil, Gas 
and Multifyuel Burners . . . Seamless and Welded Tubes 
and Pipe . . . Refractories . . . Process Equipment. 












BABCOCK 
“ WIL COX 









PM-109 
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Give Your Work-Roll Bearings This 


preorecTion AGAINST | 


Gargoyle Grease 


Sovarex L, Is Specially 
Designed for Heavy- 


Duty Steel Mill 
Service 


ou don’t have to stretch your 
Wtedtabien to appreciate the 
job that grease has to do here on these 
work-roll bearings. You know that it 
is subjected to terrific heat, water 
and shock loads. 


Yet despite all these forces, the 
grease you select must stand up at 
high temperature, protect the bear- 
ings from wear, keep work rolls 
working. 





ye - : 


= i 





Socony-Vacuum’s new patented 
grease—Gargoyle Grease Sovarex L 
—is specially designed to meet tough 
steel mill conditions like this—on 
work-roll, back-up-roll, and table- 
roll bearings. It is in service under 
temperatures as high as 450° F. It 
resists the washing action of water 
and is standing up under the heaviest 
pressures encountered. 


Mill operators already are using 


a 
“4 
‘ 


‘Sau 


this new grease in no less than 56 dif- 
ferent spots in their plants and are 
reporting highly satisfactory results. 
Get facts and figures from your 
Socony-Vacuum Representative. 





SOCONY-VACUUM OIL CO., INC. 
Standard Oil of N. Y. Div.» White Star 
Div. *« Lubrite Div. « Chicago Div. + 
White Eagle Div. »* Wadhams Div. «+ 
Magnolia Petroleum Company General 
Petroleum Corporation of California. 


Tune in “Information Please’’— Monday Evenings, 9:30 E.S.T.— NBC 
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BAR OF WHAT? 


Carbon, Graphite, or 
“Karbate” materials, of course! 


Corrosion Resistant 


“2 No Contamination 
é \ High or Low 
ae ate Heat Transfer 


Resistant to * OARS 
Thermal Shock ‘ 


Easy to 
Fabricate 


Electrical 
Conductivity 


No Deformation 
at High Temperature 


Not Wet by 
Molten Metal 


i 


' 


al 


|, 


i 
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th ADVANTAGE... 


Lf 


MAGINE! —1500 steel ingotsgn graphite stool inserts in one plant— 
without any stickers! Tha@s because molten metals simply do not 
stick to carbon or graphite! 

This eighth advantage of “National” carbon or graphite is only one of 
many responsible for the gloption of these materials by the metal-work- 
ing industries, in the for of stool inserts, mold plugs, molds, moid wash 
(graphite powder), run4ut troughs, and furnace linings. Another advan- 
tageous feature in run4ut troughs and furnace linings: the carbon blocks 
are unaffected by the"most corrosive slags.* 

You are inviteg to get the full story . . . from our nearest Division 
Office...on carbgn’s, or graphite’s, truly remarkable combination of 
properties, whet&er in the ordinary, porous, or impervious forms. 


4 *Chemical Engineers Please Note 


Of pagfliet importance to the chemical industries are other advan- 
tages Of “National” carbon and graphite and “Karbate” impervious 
mails They are resistant to the corrosive action of most acids, al- 
ka es, and solvents, and they do not contaminate solutions. 


The wogls “National” and ‘‘Karbate”’ are registered trade-marks of National Carbon Company, Inc. 
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BLAST FURNACES 


1. BLOWER CONTROL 
(a) Volume basis 
(b) Constant weight basis 
2. GAS BLEED CONTROL 
3. BLAST FURNACE STOVE CONTROL 
(a) Gas input 
(b) Gas-air ratio 
(c) Stove dome temperature 





Controls ty 





everywh ere tn the 


- is STEEL INDUSTRY 


ot 


Qn | BOILER HOUSES 


of _ STEAM PRESSURE REGULATION 


. LOAD DISTRIBUTION CONTROL 

. FUEL-AIR RATIO CONTROL 

. FURNACE DRAFT REGULATION 

. AUTOMATIC FUEL MAKE-UP CONTROL 


ON &® WH — 







HAGAN CORPORATION 


Hggan Building + Pittsburgh 30, Pa. 


HAGAN Uou-diie COMBUSTION CONTROL 









COKE OVENS 


1. EXHAUSTER CONTROLS 


2. COLLECTING MAIN PRESSURE 
REGULATORS 


3. STACK DRAFT CONTROL 


4. UNDERFIRING GAS PRESSURE 
REGULATORS 


1. AIR FLOW OR AIR PRESSURE 
CONTROL 


OPEN HEARTH 


. HEAT INPUT CONTROL 
. ROOF TEMPERATURE CONTROL 
FURNACE PRESSURE CONTROL 


FUEL-AIR RATIO CONTROL 
(a) Oil firing 
(b) Gas firing 


5. REVERSAL CONTROL 


RwWN = 


SOAKING PITS 


1. TEMPERATURE CONTROL 


2. FUEL-AIR RATIO CONTROL 
(a) Oil firing 
(b) Gas firing 


3. FURNACE PRESSURE CONTROL 
4. GAS PRESSURE CONTROL 


HEATING FURNACES 


1. HEAT INPUT CONTROL 


2. FUEL-AIR RATIO CONTROL 
(a) Oil firing 
(b) Gas firing 


3. FURNACE PRESSURE CONTROL 
4. GAS PRESSURE CONTROL 


GAS DISTRIBUTION SYSTEMS 


1. GAS PRESSURE REGULATIONS 

2. MIXING STATIONS 

3. SEQUENTIAL DISTRIBUTION CONTROL 
4. PRESSURE STABILIZATION CONTROL 
5. BLEED CONTROL 
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LING TECHNIQUE 


With reconversion will come the m 
peace-time production line products whig 
will require thousands of tons of coild 
strip to be stamped and formed into ¢ 
various parts that make up automobile 
trucks, airplanes and numerous hou 
hold appliances. 


Pittsburgh Rolls alloy iron work rolls a 
alloy steel back up rolls in four-high s 
mills are rolling aluminum, brass, copp, 
and magnesium, as well as steel, and 
successfully producing flat rolled produg 
at less cost per ton of steel rolled. 


PITTSBURGH ROL 


DIVISION OF BLAW-KNOX COMPA 
Pittsburgh, Pa. 
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“Saves us $7000 a year,” 


“| says Regulex Control User 
gts An example of savings that scores of 
adh furnace operators have discovered 

= with most popular electrode control 


and a 
roduc 


OL 


in industry today. 


Acccorpinc to figures compiled by one steel foundry, 
Regulex control on an 11-foot shell arc furnace saved 
$7000 over a year’s period, in power and time sav- 
ings alone. 

Following the introduction of Regulex control for 
arc furnaces, its cost-saving performance quickly won 
the confidence of electric melters. Within the past 
three years, the Regulex set has outsold every other 
type of electrode control. 


System is Simple 

Regulex control consists of a simple, continuously- 
connected system of generators and motors. Regulex 
generators, one for each electrode motor, are driven 
on a common shaft from a standard induction motor. 
They instantly make a correction for any power un- 
balance, no matter how small or how large. 

The Regulex generator is a sturdy, standard com- 
mutator machine, with no tricky brush adjustments. 
The only moving part in the control scheme is the 


Furnace controlled by Regulex generators 





generator armature. Since contactors and relays are 
not used, maintenance is slashed! 


Exclusive Advantages 
As a unique feature, the Regulex control set can be 
equipped with flywheels, which automatically raise the 
electrodes, when power fails. The auxiliary generator 
can make the entire control independent of a d-c 
shop source, when desired. 


A Paying Investment 
By accurately controlling electrode position during 
all the changing conditions of the furnace charge, 
Regulex control lowers kilowatthour cost per ton of 
steel. Melt-down time is shortened . . . furnace output 
is boosted. Many users have found that Regulex con- 
trol pays for itself within a few months! 

Your arc furnace manufacturer will be glad to 
tell you about Regulex control for new or existing 
furnaces. Or write directly to ALLIs-CHALMERS, 
MILWAUKEE 1, WISCONSIN. 


Regulex control flywheel sets 











ALLIS @ CHALMERS - MILWAUKEE 


A 1888 
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Rolling Alignment — 


FoR CONTINUOUS SERVICE 


@ Self-propelled 20-Ton Gantry Type 
Ladle Car built by PENNSYLVANIA 
ENGINEERING WORKS for Ford 
Motor Co. 


Steel mill men can’t afford to take chances on bearings 
for Ladle Cars. To insure uninterrupted operation, they 
use S)LSIP’ Spherical Roller Bearings on the journals. 
Their reason is obvious. The rolling alignment of SSF 
Bearings compensates for axle deflections, distortions or 
weave ... insures maximum load carrying capacity at all 
times. Our engineers will be glad to help you with your 
bearing specifications. 5930 


SSS INDUSTRIES, INC., PHILA. 34, PA. 
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“Down Time” is Lost Time!.. 


/“ SINGLE 


LINE \» 
\r 


Machine “down time” results in in- 
creased production costs—Today’s accel- 
erated production has brought out the 
inadequacies of older, time cofisuming 
methods of lubrication—has proved the 
importance of Centro-Matic centralized 
lubricating systems for reducing “down 
time” —saving power—preventing acci- 
dents. 

Lincoln Centro-Matic Systems help keep 
machines on the job — and have shown 
their dependability in many war-time 
operations of importance—These systems 
have inherent features of design that are 
the answer to many troublesome lubrica- 
tion problems — check the advantages 
listed below: 


1—Dispense either oil or grease. 


2—Deliver a pre-determined measured 
quantity of lubricant to each bearing. 


3—Lubricant delivered at a uniform pres- 


sure even to remote bearings. 





Jdivea J. 


wyy 







Pioneer Guilders of Enginecred Lubricating Equipment Tame 


LLL LLL LLL LLL LLL 
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4—Injectors are easily adjusted for the 
desired output—no special tools needed. 


5—Each injector has external indicator. 


6—Complete range of lubricant pumps 
—— pneumatically, electrically or manu- 
ally operated. 

7—Will pump lubricant from original 
container at fixed time intervals. 

8—AIl pumping units are of proven de- 
sign. > 

9—One pump can supply one machine or 
a battery of machines. 

10—Easy to install. Only one supply line 
needed. 

l—Injectors in manifold can be removed 
singly without disturbing other injectors. 


12—Linpak packing 


—no metal-to-metal g Lincoln Engineering Company, St. Louis 


company that manufactures lubricating 
equipment exclusively. 


Check these facts — compare them 


with other systems and you will under- 
stand why Lincoln Centro-Matic Systems 
are being used in all types of industrial 


applications. 


Engineering Serwice 
Lincoln Engineering Company maintains 
a staff of experienced lubrication engi- 
neers prepared to assist you in all lubri- 
cation problems. Write us, enclosing a 
blueprint or specifications of the machine 
you wish to lubricate and we will make a 
recommendation as to the type of Centro- 
Matic System best suited 
to do the job. 

















seals. ; Please send me illustrated literature on Lincoln Centro-Matic Systems. 
13—A product of a g Name . a oe re 
t 
> Title scale 
7 Company abi 
i Address wad a 
nae —_ 
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Speed Up Production —- Cut Power Consumption 





A-B-K Roll Neck Bearing 
with separate collar. 


: A-B-K Patented Reinforced 
ERFORMANCE check-ups on the operation Edge Slipper Bearing made 


of A-B-K Laminated Plastic Bearings under in required sizes to blue 
peak production in steel mills prove conclu- prints. 
sively that — 


] More tons of steel are rolled per set of A-B-K 

roll neck bearings because the rolls do not need a @ 

adjusting so often, sheets are rolled to closer gage i Phantom view of A-B-K 
and the bearings last many times longer than metal. Patented Reintorced Edge 


Power consumption shows a substantial divi- Slipper Bearing. 


dend on kilowatt hours saved. 


3 Many costly shut down periods for bearing 
replacement are avoided. 


Roll Neck lubrication costs are practically 
eliminated. 


A-B-K Laminated Plastic Bearings were 
designed by American Brakeblok engineers to 
fit the difficult problems of steel mill production. 


The same research and engineering facilities 
that provide these dependable bearings are 
available to you. Phone, write or wire, Ameri- 
can Brakeblok Division, 4600 Merritt Avenue, 
Detroit 9, Michigan. DIVISION OF 
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Not just because we're the oldest and largest maker 
of solid tool steel knives—not because our knives 
have set such remarkable performance records in 
other plants—BUT because we know that our knives, 


in your mill, under your own operating conditions 


will give you more and cleaner cuts per dollar of 
cost . . . we recommend Heppenstall knives as a 
basic and proved advantage in meeting tougher 
marketing competition. Write for a quotation. 


Heppenstall Co., Pittsburgh 1, Pa. 


the most dependable name in forgings 














SOPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQUEST. 


FLEXIBLE COUPLINGS 


OLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE, MD. 
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Many operating men prefer the Salem Circular Soak- 
ing Pit for this single reason — trouble-free, minimum cost 
maintenance. 


They know that when relining time comes along, approximately 
every 414 to 5 years, they will not have any expensive checker- 
work to replace. They know the unique construction ... straight 
line wall, small amount of brick used plus the unique cover, 
help reduce maintenance costs materially. 


One company with a multiple Salem Circular Pit installation 

reports “less than 14 cent maintenance cost per ton of steel 
"7 . . . 

heated . . . that’s really putting costs in their place. 


Minimum maintenance cost is only one of many features. Get 
the complete quality and cost story from Salem Engineering 
Company, exclusive builders of Circular Soaking Pits and 
originators of “Engineered Heat.” 

Salem builds Circular Pits in any sor Cistder focklag Pin, ond al 
diameters between 8’ and 20’ utiliz- sizes and types of Heating Furnaces. 


ing any conventional fuel. SEND YOUR HEATING INQUIRY 
TO SALEM. 
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CONTINENTAL REMOTE CONTROL SIDE DUMP INGOT BUGGY 
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CONTINENTAL SIDE DUMP INGOT BUGGY WITH 
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CONTINENTAL ROLLER-TYPE 
INGOT BUGGY 
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Wagner’s Diversified Line makes possible a 
wide selection from Standardized Designs 


Industrial transformer application requires a large number of designs 
or combinations of partial designs. These designs are standardized in 
general for manufacture. In this way, Wagner is able to meet custom- 
ers’ exact specifications and requirements, yet use designs which have 
been pretested and proved in service—your assurance of satisfaction. 


Whatever your particular industrial requirements may be, chances 
are you'll find in the Wagner line the exact type of transformer to 
meet your needs. 


The Wagner Line Includes: 


OIL-FILLED TRANSFORMERS AIR-COOLED TRANSFORMERS 
UNIT SUBSTATIONS 
NOFLAMOL TRANSFORMERS 


Write for 
BULLETINS 


Bulletins TU-180 and 
TU-181 will bring you 
full information on 
Wagner distribution 
and power transform- 
ers. Write for a copy. 


TRANSFORMERS 


are but one of several 

WAGNER PRODUCTS 
serving industry. 

Other WAGNER PRODUCTS: 
AIR BRAKES 


BRAKE LINING 


HYDRAULIC BRAKES 
. 
INDUSTRIAL BRAKES 


INDUSTRIAL 


Wa sner ini eule Corporation BRAKE CONTROLS 


NOROL 
ESTABLISHED 1891 ° 
° TACHOGRAPH 
6483 Plymouth Aven 14, Mo., U: S.A. 
y enue, St. Louis x oer jeneninil unis 
In Canada: Wagner Electric at Leaside, Ontario 


ELECTRICAL AND AUTOMOTIVE PRODUCTS 
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THE ROWAN 900-KBF COMBINATION, 
OIL IMMERSED, REDUCED VOLTAGE, 
IMPEDANCE TYPE AC MOTOR STARTER 


This up-to-the-minute starter is a combination of 
our reduced voltage impedance starter and oil 
immersed safety disconnect switch with Rowan 
Air-Seal Fuses and Seal-Off Compartment for line, 
motor and control leads. Combining these Rowan 
advancements into one single unit conserves in- 
stallation space and costs. Maximum Safety is 
provided by mechanically interlocking the 
operating mechanism of the Safety Discon- 
nect Switch with the Oil Tank. 








Reduced starting voltage is obtained by the use of 
continuous-wound coils with mechanical adjust- 
ment for varying the impressed voltage thereby 
eliminating tap failures. 


The time of acceleration is determined by the 
motor and its connected load. There is no discon- 
necting of the motor from the line at any period 
during acceleration. This assures a minimum of 
line disturbance. 


For safety, smooth acceleration, continuity of service and low 
overall cost—This ROWAN Type 900-KBF Combination Reduced 
. Voltage Starter “Tops them all.” Complete detailed information 
y sent on request. 


ADDED FEATURES 
THAT CONTRIBUTE 
TO SAFETY, LOW INSTALLATION COSTS AND CONTINUITY OF SERVICE 





] Safety disconnect switch is completely interlocked 5 Oil Immersed for maximum safety and protection. 
with the oil tank in raised or lowered position— a 
positive line disconnection. 


Enclosure is of dust-tight construction. 


7 Seal-off Terminal Compartment arranged for top 


Magnetic overload relays, combination of inverse and Sette eeudelt eoanestiecns. 


time element, instantaneous operation—auto- 
matic Reset. 

More than a generation devoted to 
the design and manufacture of Oil 
Immersed AC Motor Controls. 


OWAN CONTROL 


Rowan Air-Seal Fuses—A proven short circuit 
protection. 


Fully avtomatic—Push-Button Operated. 
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A subway could be dug by hand—if 
time and money were no object! But why sentence 
an army of men to years at hard labor when there 
are rugged machines to do the job faster, better 
and at a fraction of the cost? 


By the same logic, why should a steel 
mill continue the expensive, slow and gruelling prac- 
tice of hand chipping billets, when BONNOT BIL- 
LETEERS are available? 


THE Goanot BILLETEER 


BILLETEERS have been in use in steel 
mills for many years and everywhere the story is 
the same. Each machine is doing the work of a 
dozen or more men—and doing it better. They are 
not only saving time, money and manpower but 
also many billets on which cleaning would be pro- 
hibitive under other methods. One quickly-trained 
worker, freed from the brutal, back-breaking grind of 
hand chipping, operates a profit-making BILLETEER. 


Write for complete information. 








Ms 






BuiLpers OF THE BILLETEER 







ADDRESS 
CORRESPONDENCE TO STEEL EQUIPMENT DIVISION 


RIGHT ANGLE LOADING 
lus staggered rollers 
that will not “TRACK”... 





OLLWAY | 


Solid -colindnieat-roller 
THRUST BEARINGS 


When thrust loads are heavy 

. when maximum bearing ca- 

pacity in minimum space is re- 

quired . . . when the aim is to 

design ‘‘preventive mainten- 

ance”’ into the mechanism itself 

Rollway solid cylindrical 

roller Thrust Bearings offer 

sound solutions to the basic 

| problems. Here are the reasons 
5 why: 


1. Rollway carries all loads at right angles to the 








roller axes. 


» § Rollway solid-cylindrical rollers—staggered in 





position and varied in length, so as to cancel out 
“tracking’’—are accurately spaced in machined- 


bronze retainers. 








3. Thrust plates, held to extremely close limits of 
parallelism, afford a linear contact with the straight 
cylindrical rollers, doing away with Brinell effect and 
roller ‘“‘pinch outs” with its consequent roller-end 


wear and rubbing friction. 


Six basic types in many sizes to choose 
from. Send a print or detailed description 
for free bearing recommendation. 


‘'ROLLWAY BEARING CO., INC. 


SYRACUSE 4, N. Y. 





SALES OFFICES: Philadelphia - Boston - Pittsburgh - Youngstown - Cleveland - Detroit - Chicago - St. Paul - Houston - Tulsa - Los Angeles 
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+ 
race” one-way fred soaking pits FROM INGOT TO 


FINISHED PRODUCT 


Hundreds of installations, including 





the modern One-Way Fired Soaking 
Pits...Slab, Billet and Round Heaters 
«e»Continuous and Batch Normalizers 
and Annealers — Muffle-type and 
Radiant Tube Fired, Controlled Atmos- 
phere Furnaces...give outstanding 
proof of “Surface” acceptance 
wherever heat is used in 
the Steel Industry. 


Surface” collaboration with metallurgists and en- 





gineers in the metal producing and working indus- 














tries, plus the years of constant laboratory research 
in the scientific application of gases, heat and 
mechanisms to the many heating problems, have 
resulted in continuous improvement in equipment to 
give the desired result. Only a few such installa- 
tions are shown herewith, representative of “Sur- 
face” developments in the industry. 

Now, when quality tonnage is paramount, 
“Surface” is ready with modern processes and 
methods to meet the world’s demands. 








SURFACE COMBUSTION + TOLEDO 1, OH! 
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“Surface” wire patenting furnace 


“Surface” continuous controlled atmosphere strip 
annealing and normalizing furnaces 





“Surface” high alloy rod and bar atmosphere annealing 
lift-cover with car-bottom furnace 
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furnace for tubing 
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The welded construction of Cleveland Cranes 
gives them great rigidity that is immediately 
noticeable by experienced crane operators. 
They ride smooth and easy with very little 
vibration. 

Hundreds of Clevelands like this 10 ton, 100 foot 


span crane are serving the steel industry. 


THE CLEVELAND CRANE & ENGINEERING CO. 


Ty | i! 
CURVELAND GRANES 


Mopern Att-Wetpeo Steet Mitt Cranes 
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T used to be considered an honor for a worker to 
be singled out for promotion to foreman, and men 
used to jump at such chances. With the union ruling 
that a man loses all seniority upon becoming a fore- 
man, however, some difficulty is being encountered 
in persuading men to accept a foreman job. From 
the worker's viewpoint, advancement is becoming a 
liability, because he is thereby losing security. 
Whether this security is real or fancied is beside the 
point — the idea exists. With some justification, the 
worker believes that, come a depression, he will be 
assured, through his union, of some work which 
might formerly have been done by the supervisory 
personnel, whereas the foreman, without seniority or 
security, will be laid off. And this reasoning is the 
strongest argument the unions have in their move to 
unionize foremen. We heartily agree with the state- 
ments of Clifford F. Hood, published elsewhere in 


this issue, concerning the impossibility of allowing 
supervision to pass from under the control of manage- 
ment. Management, however, might well look over 
the possibilities of security for their supervision, if 
a future dearth of supervisors is to be avoided. 


A 


HLETS issued by the Department of Com- 

merce to guide those who plan to establish small 

businesses of their own include these profound state- 
ments: 

“An owner's survival in business depends upon 
his making a reasonable profit, and profits result from 
careful pricing.” 

“A net profit is provided only to the extent of the 
amount remaining in the selling price after the total 
of all expenses and the direct cost of the merchandise 
have been subtracted.” 

We would imagine that the same rules might be 
used to guide large corporations, who are at present 
being exhorted to raise wages without raising prices. 


* 


it is this same idea that large enterprises 
have some special magic that led the Surplus 
Property Administrator to state that the United States 
Steel Corporation is the only company capable of 
operating the Geneva plant without subsidies in one 
form or another. 
A 


,PNCIDENTALLY, Cyrus Eaton, Cleveland financier, 
told a Senate committee that $7,500,000-9, 950, - 
000 was the real economic value of the Kaiser steel 
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plant at Fontana, California, and that the Geneva 
plant should remain government property, to be held 
as protection in case of another war. 


a 


REPORT on the Geneva plant, made for RFC by 
the Arthur G. McKee Company, gives $190,- 
355,066 as the actual cost of the present plant, 
$134,000,000 as the replacement cost of the present 
plant, and $121,500,000 as the cost of an equivalent 
plant. The report also sets forth two reconversion 
plans, costing $37,000,000 or $30,000,000 respec- 
tively, to complete the plant with facilities for the 
production of plate, strip and sheets, tin plate, forg- 
ing billets, and seamless pipe, or alternately, electric 
welded pipe. 
a 


OR the first time in its history, the Tennessee Coal, 

Iron & Railroad Company is bringing in iron ore 
from outside Alabama. To meet a shortage caused by 
lack of ore miners, 200,000 tons of Lake ore is on its 
way to Birmingham furnaces. 


a 


DD postwar reconversion: Youngstown Sheet and 

Tube Company is proceeding with expansion 

of facilities for cold rolled strip and wire drawing, 
thus raising their capacity for finished products. 

Sharon Steel Corporation has purchased the Farrell 
works of Carnegie-Illinois Steel Corporation, thus 
acquiring two 800 ton blast furnaces, fifteen 105 ton 
open hearth furnaces, a 36 in. blooming mill and 
billet mills, with an annual capacity of 484,500 gross 
tons of semi-finished products. 

Wheeling Steel Corporation is planning the pur- 
chase of the Mingo works of Carnegie-Illinois Steel 
Corporation. 

Bethlehem Steel Company is proceeding with its 
rehabilitation program in bar mill facilities. The pro- 
gram includes the installation of a new 10 in. bar mill 
to replace old 8 and 10 in. mills, installation of addi- 
tional soaking pits and a hot scarfing machine on the 
40 in. blooming mill, and the installation of vertical 
roll stands in the 30 in. continuous billet mill, as well 
as many other improvements. 


a 


RDERS have been booked on the Pacific coast 

for more than 100 carloads of flat and corru- 

gated aluminum roofing sheets. Tne sheets, .019 in. 

gauge, are to be produced at Alcoa, Tennessee, by 

Aluminum Company of America, who indicates that 

the Trentwood plant will also be operated should the 
demand warrant. 

A 


PONGE iron comparable in quality to that made 

in Sweden can be produced by carbon reduction 
in common shale-brick plants without alteration of 
the plants, according to Bureau of Mines reports of 
experiments. These experiments are discussed in 
Report of Investigation No. 3819, 3822, and 3824, 
which may be obtained from the Bureau of Mines, 
Department of the Interior, Washington 25, D. C. 


A 


O show the enormity of the accident toll and to 

emphasize the importance of preventing acci- 
dents, the National Safety Council compares total 
World War II casualties (December 7, 1941, to 
August 14, 1945) of 1,070,524 with the home front 
accident toll of 36,355,000 for the same period. 
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SPEER’S 


wo 


Makes PERFECT MATCH of brush and machine 


Here’s an easy way to get 
the longest, most trouble-free 
brush service in your commutating motors 
and generators: give the problem to SPEER. 
Take advantage of the extensive service 
data SPEER has accumulated through al- 
most 50 years’ specialization in matching 
brushes — mechanically and electrically — 
to individual machines. 
SPEER knows, from long experience, the 
brush grade best suited for any set of 
operating characteristics and service con- 


ditions. Its all-inclusive line of standard 


CHICAGO * CLEVELAND * DETROIT 
MILWAUKEE * NEW YORK ° PITTSBURGH 


ihe 


r 
- } \) \ \ 





and special carbon, graphite, electro- 
graphite, and metal-graphite brushes, 
includes grades that will deliver peak 
performance in your equipment — with 
fewest brush renewals, less maintenance. 

For utmost freedom from such brush 
troubles as burning, sparking, overheating, 
and excessive wear and energy losses — 
for brushes perfectly matched to your 
machines — call on SPEER. Write for 


Brush Data Forms. 


© 


CARBON COMPANY 
ST. MARYS, PA. 
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Reliance V*S Drive helps 

to improve production and 

cut costs by providing extremely 

slow speed for inching, threading and 
close inspection of work in process. In 
addition, it can furnish smooth, con- 
trolled acceleration—automatic reversing 
and quick stopping—control of tension— 
adaptability to almost any type of produc- 
tion machinery or processing operation. 


With its greater flexibility and ease of con- 


INCHING 


trol, V*S Drive reduces operator fatigue 


—helps keep production high all day long. 


V*S is an all-electric, adjustable-speed 
drive, operating from A-c. circuits, and, 
as indicated below, it is available as 
either a rotating or electronic system in 
a wide range of horsepowers. Write for 
Bulletin 311, or call the nearest Reliance 
office for recommendations as to the 
proper type of V*S Drive for your 


requirements. 


RELIANCE ELECTRIC & ENGINEERING COMPANY 
1084 Ivanhoe Road + Cleveland 10, Ohio 


Birmingham * Boston © Buffalo * Chicago © Cincinnati © Denver © Detroit « Gary * Greenville * Houston 

Kalamazoo * Kansas City * Knoxville * Los Angeles * Milwaukee © Minneapolis ¢« New Orleans * New York 

Philadelphia © Pittsburgh * Portland, Ore. © Rockford, Ill, © St, Lovis © San Francisco * Seattle * Syracuse 
Tampa * Washington, D.C. 


AN ALL-ELECTRIC, ADJUSTABLE-SPEED DRIVE 
for A-c. Circuits 


RELIANCE 


v*$ 


DRIVE 


ELECTRONIC SYSTEM 


(1 to 5 hp.) 
OWER LINE 








ROTATING SYSTEM 
(1 to 200 hp.) 


TO A-C. POWER UNE 





RELIANCE*S,, MOTORS 


“Motor-Drive is More Than Power” 
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HALLDEN 


Automatic pores 
SHEET SHEAR 


—_—_—(GUILLOTINE TYPE }——- 


HIGH TONNAGE 


WITH, EXTREME 
Accuracy 


RUGGED CONSTRUCTION 
LOW MAINTENANCE 
Cost 


aad AE AN Engineering Company Inc. 


Warren, Ohio. . 


Subsidiary Company 
THE BRODEN CONSTRUCTION CO., Cleveland, Ohio 





ann Sagal 


BNGUIN SSR 
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MOORE RAPID 


Ps fe 
OF ADVANTAGE IN: Lectromelt 


FURNACES 





ya Top Charging converts important blocks 
of dead time into production time. 


Perfect control of heat results in steels and irons of high excellence, 
eliminates uncertainty in securing any desired analysis. 


7 Any steel or iron product that can be made by any other melting process 
can be made by Lectromelt, under better control and of superior quality. 


4 Plant records establish the fact of important reduction in power, electrode 
and refractories costs. 


er Simple mechanisms assure uninterrupted operation. 


Lectromelt Top-Charge capacities range from 100 tons down to 250 
pounds. Illustrated is a size MT-25 ton Lectromelt being charged with a drop bottom 
charging bucket. 


Literature on request. 


PITTSBURGH LECTROMELT FURNACE CORPORATION 
PITTSBURGH,..30..PENNA. 
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....in many cases, mills can reduce operat- 


ing costs by salvaging “‘worn-out”’ rolls... . 
managements might well select mills which 


will permit the conversion of worn rolls from 
one mill to further use in other mills... . 


by Se. Le, Watsou, Ir., SUPERINTENDENT 


A THE salvaging of forged alloy steel rolls is the prob- 
lem of returning to useful service rolls which have be- 
come unserviceable. The economics of the case is usually 
the deciding factor in determining whether a given roll 
is to be salvaged or scrapped. If the operating depart- 
ment’s roll cost per unit quantity of material rolled can 
be reduced by salvaging the roll, then it seems highly 
advisable that an attempt be made to put the roll back 
into serviceable condition. In other instances, a pressing 
need for rolls to maintain production schedules may 
dictate that certain rolls be salvaged even though it is a 
relatively expensive undertaking. Since it is usually 
possible to get an old roll back into service in a consider- 
ably shorter time than that required to manufacture a 
new one, the reclamation of old rolls may aid in main- 
taining production. 

The most important methods of roll salvaging are as 
follows: 
(a) Simple regrinding after normal use. 
(b) Simple salvaging of mill-injured rolls by grinding 

and etching. 

(c) Stress-relieving treatments. 
(d) Rehardening for use in same rolling mill. 
(e) Remodeling into smaller roll for use in another mill. 








Presented before A. |. S. E. ANNUAL CONVENTION, Pittsburgh, Pa., Sept. 25-27, 1944 
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SPECIAL PRODUCTS DEPARTMENT 
THE MIDVALE COMPANY 


PHILADELPHIA, PENNSYLVANIA 


(f) Salvaging of either forged or cast back-up rolls by 
resleeving. 

(g) Miscellaneous repairs. 

Since the method of simple regrinding is carried out 

daily in every roll user’s grinding shop, it will not be dis- 

cussed in this paper. 

Many rolls have to be scrapped prematurely because 
they have not been properly reground and etched after 
having been in wrecks. To determine whether or not an 
injured roll may be salvaged, the injury should first be 
located with respect to some reference point on the end 
of the roll, and a path ground through the injured area 
until the injury is no longer visible. The path should 
then be polished either with a mirror wheel or by hand 
with emery and crocus cloth. Etching with a 5 per cent 
nital solution will disclose any remaining traces of the 
original injury as black areas of altered martensite. 
Alternate grinding and etching should be continued 
until these darkened areas are no longer disclosed by 
etching. Since the altered martensite has a greater 
density than the fully hardened martensite, there is a 
definite strain in the metal wherever the darkened areas 
are in evidence. The strain is brought about by the 
attempt of the altered area to contract. This contraction 
is of course restrained by the surrounding uninjured 
metal. Often the strain has been so great that actual 
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cracking has occurred. To be sure that no cracks remain 
after the nital etch no longer indicates the presence of 
altered martensite, the injured area should be reetched 
with a 20 per cent aqueous solution of nitric acid and 
examined very carefully with a magnifying glass. The 
failure to entirely eliminate cracks, checks and altered 
areas will most likely result in the early spalling of the 
roll in service, whereas careful following of the foregoing 
procedure will reduce the probability of subsequent 
spalling to a minimum. This procedure applies as well 
to the mate of a roll which has failed. 

Figure 1 shows a portion of the rolling surface of an 
injured 21 in. diameter work'roll used in a tandem four- 
high mill. This roll was operating in the second stand 





Figure 1 — Injury on face of 21 in. diameter work roll used 
in a tandem four-high mill (5 per cent nital etch). 


a 


Figure 2 — Surface spalling resulting from grinding wheel 
burns (5 per cent nital etch). 








when a severe wreck was caused in that stand by the 
breaking of one of the rolls in the first stand. This photo- 
graph was taken after the strip which was welded to 
the surface during the wreck had been removed and the 
injured area etched with 5 per cent nital. The darkened 
area of altered martensite is covered with cracks and 
one portion of the surface has come off. This roll was 
salvaged by the removal of .100 in. from its diameter in 
the manner previously described. Although the injury 
to the mating roll was not as severe as that to the first 
roll, it nevertheless, required the removal of .075 in. 
from its diameter to eliminate the last traces. Both 
rolls were given a stress-relieving treatment prior to fina] 
regrinding. 

The same grinding and etching procedure should be 
followed on rolls which have been burnt with grinding 
wheels. 

Figure 2 shows a shallow spall on the face of a roll 
caused by excessive wheel pressure. The circumferential! 
dark bands show the traverse of the grinding wheel 
across the face of the roll. They appear after etching 
with 5 per cent nital solution as areas of altered marten- 
site. Figure 3 is a grinding wheel burn caused by strik- 
ing a stationary roll with a revolving grinding wheel. 
Burns of this type can sometimes be successfully re- 
moved by the process of alternate grinding and etching 
until darkened areas no longer appear. 

Some plants have facilities for periodically stress- 
relieving forged alloy steel rolls. This treatment is beue- 
ficial to all rolls as well as those which have been sub- 
jected to abuse. The equipment should be of such a type 
that the hardness of the rolls is not modified to the point 
where they become too soft for the intended service. 

Up to the present moment, we have discussed only the 
salvaging of forged alloy steel rolls which have not given 
their full expected life. The roll user’s greatest oppor- 
tunity to reduce overall roll costs is to find a way to 
salvage “worn-out” rolls, or rolls which have been re- 
duced in diameter so that their hardness is no longer 
sufficient for the intended service. Such rolls are no 
longer economical to use since they mark very readily 
and have to be removed for regrinding after relatively 
short campaigns in the mill. They are, however, some- 
times used in this condition when the user’s inventory 
is low. 

In many instances, the roll neck bearings and mill 
housings will accommodate a greater reduction in body 
diameter than the depth of hardness will permit. When 
such a condition exists, it may be worth the user’s while 
to have the roll rehardened. Such a roll, rehardened and 
reground, may be expected to again give a good account 
of itself. 

Some roll users have attempted to reharden and re- 
condition their own rolls but it is better to have this 
work done by roll manufacturers who have the experi- 
ence and the specialized equipment required for this 
type of work. 

A roll intended for rehardening is first inspected for 
size and condition. The actual dimensions, because of 
wear, are frequently at considerable variance with 
standard blueprint sizes and tolerances. These dimen- 
sions, particularly the journal diameters, must be ob- 
tained so that the roll maker will know what work is re- 
quired to restore the roll to serviceable condition. The 
inspection for condition includes a careful examination 
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Figure 3— Grinding wheel burn caused by striking sta- 
tionary roll with revolving grinding wheel (5 per cent 
nital etch). 


of the roll body and locates any spalled or injured areas 
which must be removed prior to rehardening. 

After inspection, the roll is annealed and if necessary. 
machined preparatory to hardening. It is necessary that 
sharp corners on the ends of the body be eliminated and 
that any spalls, cracks or other injuries be removed. 
After hardening and drawing to the specified hardness, 
the roll is ready for finish grinding. 

The quenching of a piece of steel usually produces 
more or less distortion. The hardening of rolls is no 
exception to this rule, even though all possible precau- 
tions have been taken to keep this distortion to a mini- 
mum. To determine the distortion after hardening, the 
roll is indicated for concentricity and measured for out- 
of-roundness. It is usual to set the center of the bearing 
fits on both ends dead true and then to check and record 
eccentricity at the center and both ends of the body, on 
the set-downs, in the grooves, and on the extreme ends. 
Assuming that the maximum allowable deviations from 
blue-print dimensions are known, the roll is then ready 
to be refinished. 

Work rolls for reversing four-high cold finishing mills 
require the closest adherence to original tolerances. 
Figure 4 is a sketch of a roll of this type. Too much 
deviation from the original tolerances of the bearing fit 
cannot be allowed, since only a small amount of bearing 
clearance can be permitted on a mill producing finished 
strip. If the portion of the journal shown as dimension 
C has been reduced by wear before the roll was returned 
for rehardening and distorted during rehardening, it 
will have to be restored in some manner to the original 
size. Section D is the location for a relatively loose 
fitting ring which holds the bearing in place. It usually 
does not matter a great deal if this portion is somewhat 
under tolerance. However, some mills require that D 
as well as C be maintained full size. The shoulder B can 
be somewhat undersize unless it is a seal-fit, in which 
case it must be full size. 









It is to the advantage of the user to give the roll 
maker as much leeway as possible with respect to toler- 
ances required on rehardened rolls. As the number of 
dimensions demanding full size is increased, so will the 
price for reconditioning the roll be increased. 

Occasionally a roll will distort so much the journals 
must be straightened before any other work is started. 
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Since the grooves shown as part E of Figure 4 can 
stand a liberal minus tolerance, it is"only necessary 
that they be trued up to remove the eccentricity. The 
roll neck bearings are held in place by means of nuts 
which are fitted to externally threaded split rings which 
fit in these grooves. These split rings are self-aligning 
so additional clearance .is usually permissible. The 
grooves are frequently employed as steady rest sup- 
ports during the regrinding of the roll, in which case it 
is usually more important that both grooves on a given 
roll be the same diameter rather than any particular 
diameter. 

The key-way sections at the ends of the journals 
which are shown as part F in Figure 4 are usually left as 
received from the user. Worn wobblers and splines have 
been restored to original dimensions \y welding but this 
involves additional hazard and expense. If the eccen- 
tricity of the journals is small enough to permit the re- 
grinding of the bearing fits, the eccentricity on the drive 
ends is generally small enough so that it requires no cor- 
rection. Due to the universal joints on most mill drive 
couplings, a small eccentricity on the drive end is quite 
readily accommodated. 

Although four-high single stand or tandem cold reduc- 
tion mills usually employ the same type of work rolls as 
do four-high single stand reversing cold finishing mills, 
the maintenance of tolerances on the journals of the 
former is not as important as on the latter. The user often 
increases the tolerances on the bearing fits for rolls of this 
type. Frequently a journal .015 to .020 in. undersize will 
be acceptable. One user will accept them .045 in. under 
nominal dimensions and has rolls in successful operation 
with journals .060 to .070 in. undersize. When toler- 
ances are increased in this manner and when the journals 
are not too badly worn, it is possible to reharden and 
regrind a cold reduction mill work roll without having 
to restore the journals to original sizes. 

High-speed cold reduction mills cannot permit such 
eccentricity of the drive ends of the work rolls. Too 
great an eccentricity has caused spindle breakage as 
well as bad mill vibration. If the user of rehardened rolls 
insists that the rolls having the most eccentricity be 
used in the first stands of tandem mills, operating con- 
ditions are improved. 

Figure 5 shows an old style two-high mill work roll 
which operates in plain bearings. A roll of this type can 
be reconditioned without the difficulties discussed in 
connection with four-high mill work rolls. Since the 
proportions of two-high mill rolls are more massive thar 
those of four-high mill rolls, the tendency to distort 
during rehardening is reduced. The journals shown at B 
need only to be reground matching the two journals on 
a given roll at the same diameter. The small amount of 
eccentricity on the wobblers is usually of no conse- 
quence. 

Another type of two-high mill work roll having 
tapered journals which operate in oil-type bearings is 
shown in Figure 6. Because both the angle of taper and 
the actual dimensions must be maintained, the recon- 
ditioning of rolls of this type creates special problems. 
Both tapered portions shown at L and M must have 
their diameters accurately maintained. Fortunately, the 
design of these rolls usually permits a liberal tolerance 
on the length of the short taper L adjacent to the body. 
This portion, which is a seal fit, usually has a liberal 


97 








































































L 
rH 
ms | - - iy T 
Pele | all te Heine teatineties sd salle ieeell & ieeatitendtiieastinentibeatibons 4 oeliietiitetin 1 bette wus teat bestia teteetien bath -~zanceod 
+—_ x —-— +f +- _ + . = jt 4 > +e f-+4 
i ee jee Se See Senet 
a o bt oOo «| | oe 4 
UL 














Figure 5 — Two-high mill work roll. 
































plus or minus tolerance. By taking advantage of this 
tolerance, the tapered bearing fits M can be reground. 
By this means .006 to .007 in. may be ground off the 
diameters of the tapered journals without reducing 
them below original blue-print dimensions. Since a good 
many rolls of this type have rather massive proportions, 
the small amount of eccentricity caused by rehardening 
can be taken care of as described. 

In cases where the eccentricity of the tapered portions 
exceeds .006 or .007 in., it is sometimes possible to 
shorten the body and then regrind the journals to size. 
We know of rolls in operation on which the body length 
is as much as }4 in. shorter than called for on original 
blue-print dimensions. This cannot be done with rolls 
from mills which require that the bearing chocks be 
keyed to the mill housings unless it is permissible to key 
only one of the two chocks. 

We have considered only the salvaging or recondition- 
ing of forged alloy steel rolls which are to be used in the 
same mill from which they were removed as being un- 
satisfactory for further economical operation. 

We will now consider what can be done with rolls 
which have been reduced in diameter so that the bearing 
chocks are face to face, thereby eliminating any possi- 
bility of salvaging them for use again in the same mill. 
Such. rolls may already have been rehardened before 
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has several mills using different sized rolls, it may be 
possible to convert the larger rolls into rolls for the 
smaller mills. This can be determined by comparing 
scaled layouts of the present and proposed rolls. The 
internal as well as external dimensions must be com- 
pared to be sure that some cross-section of the remade 
roll is not going to be too small. If remnants of the 
original splines, key-ways, and grooves will still remain, 
it is possible they will not interfere with its operation as 
a remade roll. In many cases, where no traces of previ- 
ous splines, etc. remain, such a remade roll cannot be 
distinguished from a new one. 

The work required to make a larger roll into a smaller 
one is considerably greater than that required for re- 
hardening and reconditioning. The outstanding differ- 
ence between the two procedures is that a great deal 
more machining is required to remake a roll than to re- 
condition one. This extra machining affects the price 
with the result that a remade roll is somewhat more 
expensive than one which has been reconditioned. The 
difference in size between the original roll and its modi- 
fication should not be so great that the excessive 
machining required makes the cost prohibitive. The 
journals of a remade roll usually have to be completely 
remachined. Besides turning and grinding to size, the 
work of conversion includes all of the miscellaneous ma- 
chine work of milling splines and key-ways, drilling and 
tapping holes, machining grooves, fitting plugs, and 
making and fitting thrust rings if these are required. 

Some plants have such an assortment of rolling mills 
that many possibilities are open for the salvaging of 
“worn-out” rolls either by rehardening or remaking. 
One works in particular has a series of four different 
sized mills with rolls of the same body length. The 
dimensions of the rolls for these four mills are such that 
the largest roll can be remade for successive use in each 
of the three smaller mills. Although the largest of these 
rolls has a rather large bore for final conversion to the 
smallest size, we know of no operating difficulties 
brought about by this condition. 

Another plant has its 18% in. diameter four-high 
temper mill work rolls remade into 16% in. diameter 
cold reduction mill rolls. Disregarding body diameters. 
these two rolls are identical in every respect with the 
exception that the journal and shoulder diameters of the 
temper mill rolls are #5 in. greater than the correspond- 
ing portions of the cold reduction mill rolls. This is just 
enough difference to take care of the distortion caused 
by rehardening and makes it possible to refinish the 
journals to the new sizes. The spline drives, key-ways. 
and thrust rings are the same for both rolls so that they 
do not have to be remachined. 

Some mills are designed to operate with unmatched 
work rolls. One operator of a four-high four stand tan- 
dem cold reduction mill does this by the simple expedi- 
ent of driving only the bottom work rolls. The top work 
rolls are not driven and are of an entirely different design 
from the bottom rolls. When a bottom roll can no longer 
be rehardened for additional service as a bottom roll, it 
can be remade into the smaller top roll. Larger rolls from 
other mills in this roll user’s plant are often remade into 
either top or bottom work rolls for the tandem cold re- 
duction mill. 

It is sometimes advisable to recondition certain rolls 
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this diameter has been reached. Assuming that the user 
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even though their hardness and diameter are still satis- 
factory. This condition can arise when a roll has been 
subjected to a severe injury and, as a consequence, the 
operator is afraid to use it again because of the likeli- 
hood of its spalling. If such a damaged roll were placed 
back in service, it might very readily spall because of 
stresses locked up in the injured or bruised surface. On 
the other hand, if this roll safely negotiates the rehard- 
ening process, it is not nearly as likely to fail as would 
be the case if it were not so processed. If any sub-surface 
lesions of the metal had occurred, spalling or breaking 
during rehardening would likely take place. This re- 
processing also entirely removes all strains resulting 
from the injury. In this manner rolls have been salvaged 
with bent and twisted journals as well as rolls with the 
strip welded to their faces. They performed satisfac- 
torily after this reprocessing. 

Sometimes because of faulty lubrication, the journals 
of two-high mill rolls which operate in plain bearings 
become badly heat checked. Figure 7 shows such a roll. 
A roll in this condition may fail by the entire journal 
cracking longitudinally from individual heat checks 
growing into one continuous crack. Figure 8 shows such 
a journal. Although many rolls with checked journals 
have remained in service without failure, the safest pro- 
cedure is to have the journals turned down and heat 
treated forged steel sleeves shrunk on them. The wall 
thickness of the sleeve must be great enough so that 
it will not crack, yet thin enough so that the roll journ- 
als will not be unnecessarily weakened. 

The salvaging of damaged or worn-out rolls is by no 
means confined to work rolls. Back-up rolls which have 
been badly spalled or which have been reduced in diam- 
eter to such an extent that they are no longer serviceable 
may, in many cases, be salvaged by having the roll 
manufacturer shrink heat treated forged steel sleeves on 
them. This can be done with either forged or cast back- 
up rolls. In either case, the original roll is turned down 
for use as a mandrel on which a sleeve is to be shrunk. 
The wall thickness of the sleeve should be neither too 
thin, which would cause it to “roll out” in service and 
become loose, nor too thick, which would both weaken 
the mandrel and add to the cost. In general, the wall 
thickness should be kept at the minimum permitted by 
the other factors. 

When it is impossible to obtain a proper wall thickness 
without weakening the mandrel too much, or for some 
other reason, the desired wall thickness may sometimes 
be attained by increasing the outside diameter of the 
sleeve to a size larger than that of the original roll. 
Sometimes the diameter of the built-up roll may be in- 
creased two to three inches over the diameter of the 
original one piece back-up roll. 

The sleeving of back-up rolls is particularly applicable 
to the larger sizes and is seldom recommended on back- 
up rolls less than 28 in. in diameter. There are, however, 
a number of successful exceptions to this. Two piece 
back-up rolls 18 in. in diameter and even as small as 
14 in. in diameter are in use. 

The sleeve must be shrunk on the mandrel with a 
shrinkage allowance sufficient to prevent slippage and 
yet not so great that the sleeve will split in service. The 
shrinkage must also be uniform. At first, sleeve-type 
backing-up rolls were put together with a simple shrink- 
fit and no locking devices. With the gradual increase of 
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mill speeds resulting in a greater heating up of the rolls 
in operation, some sleeves slipped endwise on the man- 
drels. Various locking devices have been applied to pre- 
vent this movement of the sleeve relative to the man- 
drel. Some of the earlier locking devices were only 
partially successful in that a few sleeves still slipped. 
The newer ideas for preventing this movement have 
proven successful. Several different methods are in cur- 
rent use. The use of any particular design of locking 
device depends on the design of the roll and upon its 
hardness. Regardless of which device is selected, the 
sleeve should be locked to the mandrel at one end only. 
The other end should be free to move with temperature 
changes. If both ends are secured, breakage of the roll 
may occur. 

The hardness of sleeves up to 36 in. diameter for use 
in cold rolling is usually specified to be 80 to 90 sclero- 
scope, although a number of mills have found that 70 to 
80 is amply hard. The larger sleeves used in cold rolling 
vary in hardness from 58 to 80 depending upon the 
diameter of the work rolls and the type of work being 
produced on the mill. Forged steel sleeves are also 
shrunk on back-up rolls used in hot mills. For this 
service, the scleroscopic hardness is usually less than 70. 
Some cast back-up rolls, after having been “‘worn- 





Figure 7 — Two-high mill work roll with badly checked 
journals. 
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Figure 8 — Continuous crack on journal caused by the 
growth of numerous small heat checks. 


















out”’ as one-piece rolls, have been made into mandrels 
and have been resleeved three or four times before they 
had to be scrapped for worn journals or because their 
body diameters had been reduced too much. Some 
plants have found the built-up back-up roll to be so 
successful and economical that they order new cast 
mandrels and send them to the forged roll manufacturer 
for sleeving. Where mill loads are high and where there 
has been considerable breakage of cast mandrels, heat 
treated forged steel mandrels have been used to prevent 
further failures. 

In this paper we have attempted to show that rolling 
mills can, in many cases, reduce their operating costs by 
salvaging supposedly ‘“‘worn-out”’ rolls. 

In planning postwar expansion of cold rolling facili- 
ties, mill managements should endeavor to select the 
sizes and designs of mills which will permit the con- 
version of rolls “worn-out” in one mill to further use in 
other mills. 
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J. A. Succop: I was especially interested in Mr. 
Watson’s description of the development of back-up 
rolls using shrunk-on sleeves, as our company manu- 
factures composite back-up rolls but does not manu- 
facture work rolls. 

In examining roll sleeve failures, we have noticed 
invariably, that the nuclei of the failure of cracked 
sleeves starts internally and progresses with a fatigue 
type of fracture, and I would like to ask the speaker if 
he would care to elaborate on his ideas as to what is the 
cause of these internal fatigue fractures. 

The second question I have in mind pertains to the 
hardness of back-up roll sleeves. Mr. Watson recom- 
mends a hardness up to 90 Shore hardness for sleeves. 

I am interested to know why it is necessary to think 
of sleeves requiring such a high hardness, and also 
whether the high hardness promotes a tendency toward 
splitting of the sleeve in the early service life of the roll. 

L. F. Coffin: I would like to know whether the 


author knows of any steel plants which have retreating 
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equipment installed in their own plant for heating and 
retreating damaged rolls. The author’s method of etch- 
ing and regrinding is interesting. 

In some cases in breakage of necks on back-up rolls 
where the necks were originally sleeved, we drew out 
the curve of uniform stress and found that the stress 
line passed outside of the fillet, proving that that point 
was the weakest one of the roll. By eliminating the ap- 
plication of the sleeve to the neck and casting a solid roll, 
the line of uniform stress passed inside of the fillet and 
hence breakages at that point were expected to be 
reduced. 

J. A. Lafferty: We have reconditioned rolls for a 
good many years — that is, have had them rehardened, 
reconditioned, and remade into smaller size — and so 
far we have had a good bit of luck with it, except with 
some necks for oil-film bearings, where we had a lot of 
distortion and had to shorten the body, as Mr. Watson 
stated. 

There are some questions I would like to ask about 
welding. Mr. Watson said welding of wobblers and 
splines was hazardous. I would like to inquire if that 
was before or after hardening. He also mentioned in his 
paper that some mechanical departments will take roll 
necks .045 to .070 in. undersize. I wish I had a mechani- 
cal department like that to work with. 

In the remaking of rolls, is it advisable to send the 
roll back to the roll maker? I have sent a maker’s roll 
back to a competitor and it split. 

Sleeves for back-up rolls have caused us plenty of 
trouble. By slipping endwise, I have had one crack the 
full length, but the worst trouble is creepage. The sleeve 
crawls on the mandrel around the periphery of the roll. 
It causes the gage to jump all over the lot, especially 
when you have it in a four-high cold reduction tin mill. 

I saw one manufacturer grinding the sleeve internally 
and the mandrel on the outside to mirror finish. His idea 
was that the sleeve would not creep. I would like to 
know what Mr. Watson thinks about that. 

M. D. Stone: I would like to ask Mr. Watson two 
questions. He mentioned resleeving necks in case of fire 
checking. Has he established possibly what the mini- 
mum of thickness of sleeve is that he could put on there 
that would not creep, as a satisfactory solution to the 
resleeving problem? 

Along that line and along the lines that Mr. Lafferty 
mentioned, are there any limits established as to creep- 
ing of sleeves on the roll body itself, probably from the 
point of view of thickness of the sleeve as well as the 
internal finish? I am just wondering whether a rough 
finish there would not be more satisfactory than the very 
smooth grind that this one steel mill used in resleeving. 

Thomas Smith: I might say that we have not had 
any luck sleeving back-up rolls. We have sleeved them 
and they have split lengthwise. We have had them 
creep, which throws the roll out of round. 

I had one particular roll that we put a sleeve on and 
the first time we put it in the mill the neck broke off. | 
took the sleeve off that body and put it on another one 
and the second time in the mill the neck broke again, 
so I am not much enthused about sleeving of rolls be- 
cause we find that the sleeve costs almost as much as a 
new roll and I cannot see the advantage of putting a 
new sleeve on a roll that has worn-out necks. 

C. R. Hand: I would like to ask Mr. Watson what 
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method he uses to determine whether the neck is cracked 
before they go ahead and reharden it or resleeve it. 

Louis Moses: Some time ago it was thought that 
the bored holes in hardened steel rolls could be eliminat- 
ed to save machining time as the practice of internal 
cooling had been discontinued. I would like to ask if I 
was correct in advising that the bored hole was never- 
theless necessary because of its aid in heat treatment. 

The reported success in some quarters of the cutting 

tool field on deep freezing tools leads to conjecture if the 
same treatment of structure transformation would be 
beneficial to the performance of such rolls. 
+ H. L. Watson, Jr.: Mr. Succop has asked why the 
nuclei for the failure of cracked sleeves is not on the sur- 
face. If a sleeve is subjected to a severe localized bruise, 
a sub-surface lesion may be produced which will become 
the nucleus of a detail type fracture which will ulti- 
mately result in failure of the sleeve. This lesion, or first 
rupture of the metal, will be sub-surface since the point 
of greatest shear is some distance below the point on the 
surface where the maximum overloading occurs. 

As far as the hardness of sleeves is concerned, it might 
be said that the trend is toward sleeves having a sclero- 
scopic hardness of less than 80. However, a number of 
the smaller mills still desire and specify sleeves to be fur- 
nished within the hardness range of 80 te 90 Shore. In 
most cases the actual hardness is much closer to 80 than 
it is to 90. These hard sleeves are required where the 
ratio of back-up roll to work roll diameter is great. In 
such installations the arc of contact between work roll 
and back-up roll becomes smaller, with the result that 
unit pressures are greater. This greater pressure requires 
higher hardness values in the sleeve so that rapid mark- 
ing does not take place. These harder sleeves do not 
split if they are assembled properly and are not subse- 
quently abused. 

To answer Mr. Coffin’s question, some few mills have 
facilities for the periodic stress relieving of rolls; most 
are not so equipped. 

Mr. Lafferty has raised the question as to whether 
under-size wobblers on forged steel rolls should be 
welded before or after rehardening. If this has to be 
done, it is preferable that it be done prior to rehardening. 
Usually it is not worth while to attempt to salvage a roll 
which is so badly worn that it requires welding to restore 
portions to useable dimensions. 

It is not necessary for a roll to be returned to the 
maker for reconditioning. We receive as many rolls of 
other manufacture as we do of our own. 

Mr. Lafferty and Mr. Stone have both raised similar 
questions with respect to slippage and shrink fits on 
sleeve type rolls. Creeping of sleeves on mandrels has 
been experienced on some mills. This tendency might be 
reduced if it were possible to redesign the built-up roll 
with a thicker walled sleeve which would have less 
tendency to “roll out” and become loose. In most cases, 
it would be preferable to obtain this greater wall thick- 
ness by increasing the outside diameter, since reducing 
the bore size would tend to weaken the mandrel. On the 
other hand, in cases where the outside diameter cannot 
be increased, it might be possible to reduce the shrink-fit 
diameter without weakening the mandrel too much. 
Because of the great variation of dimensions and pro- 
portions on built-up back-up rolls no fixed rules have 
been formulated; each particular design must be in- 
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dividually worked out. Rapid, rather than gradual, 
warming up of the roll in the mill may cause temporary 
looseness which would permit creepage to start. 

Too smooth a finish on shrink fit diameters on both 
sleeve and mandrel may permit slippage. If the surfaces 
are absolutely dry or even slightly rusty, any tendency 
to slip will be reduced. A ground finish is all right, pro- 
vided it is not too smooth. A smooth machined shrink 
fit surface must be finished and checked very carefully. 
If the surface is composed of a series of fine tool marks, 
similar to a very fine thread, the size obtained will be 
that of the highest ridges. These ridges will collapse dur- 
ing shrinking with the result that some of the shrinkage 
will be lost and slippage can occur more easily. A prop- 
erly machined fit, free from irregularities so that the 
shrinkage will be maintained, should be just rough 
enough to inhibit slippage. 

To answer Mr. Stone’s inquiry relative to the thick- 
ness of repair sleeves shrunk on the journals of two-high 
mill work rolls, we wish to state that this will vary 
greatly depending upon the design and size of the roll. 
It is hardly advisable to use a sleeve less than )% in. 
thick. It should be remembered that these sleeves are 
fairly soft and can be assembled with a reasonably high 
shrinkage. The use of a reverse taper is also desirable. 
Some repairs have also included tack-welding of the 
sleeve to the roll neck adjacent to the wobbler. 

Answering Mr. Smith’s comments relative to the rolls 
which had the necks break off after resleeving, we sub- 
mit the following: A cast mandrel which was to be 
sleeved fell apart in handling. It broke at the fillet and 
examination showed numerous circumferential cracks 
in this fillet, a number of which had progressed to con- 
siderable depth. Examination of the fillet on the neck 
which did not break showed a number of cracks which 
would escape all but the most rigorous examination. 
Such a condition probably existed on the rolls which 
Mr. Smith described. If such was the case, the fact that 
the roll happened to be a sleeve-type roll had nothing 
to do with the failure. A one-piece roll would also have 
failed. 

Mandrels should be examined very carefully, par- 
ticularly in the fillets, before they are shipped to the roll 
maker for sleeving. If a doubt exists as to whether a 
crack is present, the surface in question should be 
polished very carefully at right angles to the suspected 
crack. The area should then be etched with a 20 per 
cent aqueous solution of nitric acid and examined with 
a magnifying glass. This process should be repeated until 
the crack disappears or until it is useless to grind deeper. 
If the crack is eliminated, repolish to eliminate the 
etching pits which themselves might serve as nuclei 
for a detail failure. This also answers Mr. Hand’s 
question. 

Replying to Mr. Moses’ question regarding the neces- 
sity of bores in hardened steel rolls, we wish to state 
they are necessary for the proper heat treatment of the 
roll and to insure against its breakage during hardening. 
Some of the smaller sizes do not require bores. 

Deep freezing treatments are usually confined to 
austenitic steels having a depressed transformation 
point. Where full hardness has already been attained, 
little, if any, advantage can be expected from a deep 
freeze treatment. Such is the situation with respect to 
hardened steel rolls. 
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Postwar Tudurstry 


we 


.... authority and responsibility go hand 


in hand, and they cannot be separated... . 


we cannot delegate authority and responsi- 


bility and have these functions controlled by 


outside leadership... . 


by Clifford 7. 4 


AAS I stand before you, I am wondering if you 
gentlemen are fully aware of the important part you 
are to take in helping not only this nation, but the en- 
tire world to overcome the effects of the epic struggle 
through which we have just passed. 

We in the steel industry are fully aware of the con- 
tributions you have made in the past in developing 
more efficient and economical methods of producing 
iron and steel, and we realize that you and members of 
your fraternity were highly instrumental in enabling 
the steel industry to write such proud achievements in 
the record of production for war. The steel industry 
met all the demands of fabricators of war machines and 
equipment, and met those demands on time. I know of 
no instance where production of war goods was held 
up by failure of the steel industry to deliver material 
on time. 

It was truly a gigantic task, but it was accomplished 
and the figures will speak for themselves. More than 
300,000,000 tons of steel ingots and castings were pro- 
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duced during the war years for ultimate processing into 
practically every piece of equipment used in a modern 
war. Ships, guns, aircraft, tanks, helmets, ammunition, 
flame throwers, rockets, bulldozers, railway equipment, 
pipelines, wire ropes and cables, radio equipment — in 
short, every phase of our war effort was dependent upon 
steel in tremendous quantities, in a wide range of 
analyses, and in practically every conceivable shape. 
To produce this almost fantastic quantity of steel, 
the industry spent $1,310,000,000 of its own money for 
war expansion, in addition to $1,095,000,000 expended 
by the government. In other words, the industry put 
out more actual cash in meeting the crisis with which 
we all were faced than the government did. I mention 
this merely to point out that our capitalistic economy 
was as willing to expend time, money and effort to 
combat oppression and barbarism as were the men 
charged with leading our nation away from the abyss 
of defeat and subjugation. The steel industry actually 
spent more money to provide facilities to combat our 
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Mr. Hood presented the accompanying talk at the Cleve- 
land session of the annual meeting, October 3, 1945. 


enemies than the industry’s stockholders received in 
dividends during the 12-year period, 1931 through 19483. 

In producing and expanding for war, the industry 
overcame seemingly insurmountable handicaps in the 
form of manpower shortages, procurement of equip- 
ment and raw materials, and transportation difficulties. 
In addition, we were required to abide by the regula- 
tions and directives issued by the various government 
agencies, to file literally thousands of reports, and to 
answer a virtual avalanche of questionnaires. I am not 
questioning the need or wisdom of these records and 
forms, but merely mention them to round out the pic- 
ture of the difficulties under which we operated during 
the war emergency. 

So now the war is won. Regulation of production and 
distribution has, for the most part, been abandoned. 
We are now proceeding with conversion to peace-time 
production, which, for the industry, will cost over 
$200,000,000. While we do not pretend to have all the 
answers, we do have an overall plan, one which can be 
adapted to most foreseeable contingencies. Unfortun..te- 
ly, we find that labor has only one idea in mind for the 
postwar period, and that is higher and higher wages, 
regardless of the effect on the entire American economic 
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structure and the dangers of inflation which inevitably 
must follow. 

All of you undoubtedly are familiar with the current 
demands of the United Steelworkers of America for a 
$2 per day increase in steel wages. It has been estimated 
that such an increase, if granted, would raise labor costs 
of the steel industry by $300,000,000 annually. This 
figure is more than 60 per cent greater than the $178,- 
000,000 which the industry reported in net profits last 
year. It is a 32 per cent increase in the basic labor rate, 
and a 21 per cent increase in the average overall straight- 
time rate in United States Steel Corporation’s steel pro- 
ducing facilities. Where is the money coming from? 

Some of the spread between last year’s profits and 
the cost of a $2 per day wage increase would be offset 
by decreased tax payments, but certainly not to the 
extent envisioned by the union and by no means in 
sufficient amount to make up the total difference: There 
is no means by which the total difference could be 
absorbed except by government subsidization at the 
expense of the taxpayers, or in higher selling prices of 
steel, at the expense of the consumers. 

That is the outstanding flaw in the whole fabric of 
the union’s demands. I want to emphasize that fact - 
that any increases in remuneration granted to the steel- 
workers are going to be paid by the American public 
if the steel companies are to avoid back-breaking deficits 
and eventual bankruptcy. The companies are physically 
unable to absorb any substantial increases in produc- 
tion costs. Composite prices of finished steel products 
already are frozen at levels below those existing in 
March, 1937, and almost without exception costs of 
materials and production have risen steadily with the 
result that the industry’s very existence is threatened. 
Some sort of relief in the form of either lower produc- 
tion costs or higher steel prices is going to have to be 
given soon. Any additional financial burdens imposed 
upon the industry may have very serious and far- 
reaching effects upon our entire economy. 

Costs and prices vary among steel products and pro- 
ducers, but on the average there has been a net change 
since 1940 of at least $7 to $8 per ton to the disadvan- 
tage of the steel producer. These costs were offset to 
some extent during the war period by the extraordinarily 
high rate of production and the tremendous volumes of 
single types of material, which permitted the operating 
economies attendant to long runs requiring no equip- 
ment adjustments or other time consuming activities. 
Even so, our costs were out of proportion to the average 
price we received for steel. However, at that time our 
most precious commodity was time, and the steel in- 
dustry was concerned with only one problem — pro- 
duction at any cost in order that our fighting men might 
be adequately equipped for the job they had to do. 

Now, however, with the return to more normal oper- 
ations, we are faced with the disappearance of the 
advantages inherent in long-run operations. At the same 
time, with the desperate need of our armed forces satis- 
fied, the day has arrived when steps should be taken to 
correct the unfavorable spread between production 
costs and selling prices. The sooner the realities of the 
situation are faced, the sooner we are going to get on 
with the job of rebuilding our civilization. 


The demands of the steelworkers, however, are only 
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one phase of the problem, a phase which, when taken 
by itself and compared with over-all consequences, is 
relatively insignificant. If the steelworkers were granted 
their sharp increase in wage rates, it will merely be the 
firing of the gun signaling the start of another lap in 
the race between living costs and income. Upward 
revision of the current standards of pay will almost 
automatically insure a like action to the questionable 
benefit of workers in all industries. That would do more 
to jump living costs above their present levels than any 
other single thing I can imagine. In all manufacturing 
operations, labor, next to raw materials purchases, is 
the largest single item in production costs. The minute 
a manufacturer has his labor costs revised upward, the 
selling price of his product has to be adjusted accord- 
ingly. I am certain that no responsible individual in 
industry, including myself, has any desire to keep the 
wages of the workers in the mills and factories of this 
country at a depressed level merely for the satisfaction 
of depriving the workers of a better way of life. That is 
not the method by which vast, mass-consuming markets 
are built up. It definitely is to the advantage of every 
one of us to have the income of the working man con- 
tinue to increase as it has in the past. I hope to see the 
day when the steelworker and every other American 
workman can increase his earnings much more than the 
25 cents per hour now demanded. 


What is too often overlooked by those demanding 
higher wages for the working man is the fact that a fat 
pay envelope does not necessarily mean more wealth. 
What is the difference if a man has his income doubled, 
or if the cost of living is halved? In the former instance 
everything he buys will increase in price by 100 per cent 
or more, while in the latter case, while the paycheck 
may be smaller, he will still be able to buy as much as, 
or more than, previously. What should be of primary 
importance is the “economic wage,” or the relationship 
between what a man earns and what he can buy with 
those earnings. Money, in the final analysis, is merely a 
medium of exchange. It has no intrinsic value of itself. 
It is only for what it will buy that everyone wants to 
earn more money. 


A few years back the American Iron and Steel 
Institute made annual comparisons of the purchasing 
power of the income of steelworkers in America, Great 
Britain, France, Germany, and other foreign countries. 
Needless to say, the American’s paycheck was, in every 
instance, larger than that of his foreign brother. What 
is even more important is the fact that the commodities 
which that paycheck would buy exceeded the possible 
purchases of the other workers to a greater degree than 
was reflected in the paycheck itself. In other words, 
not only was the American’s dollar wage higher, but 
his economic wage was greater still. 

It is the economic wage of the workers with which 
our labor leaders should be concerned. Merely adding 
$2 a day to each steelworker’s pay envelope is not 
going to increase his purchasing power one bit. But if 
that $2 daily addition reflects increased production and 
lower unit costs, it is a real rather than an illusory gain 
because the selling price of steel can remain unchanged, 
or possibly be lowered, and the things the steelworker 
buys with his dollars will remain at a level which will 
not consume all his increased earnings. 
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Under present methods of production, however, ij 
just is not possible to increase costs sharply without 
passing the bill on to the consumer. While future de- 
velopments and improvements undoubtedly will add 
to the individual worker’s productivity, at the present 
time wage rates are at such a high level that immediate 
price relief is necessary if operating deficits are to be 
avoided. 

During the period in which we were producing for 
war, prices of products were of secondary importance 
to our armed services. As I mentioned earlier, we were 
interested only in production at any cost. If it was 
necessary to pay premium overtime wages for maximum 
output, it was accepted as one of the penalties of pro- 
ducing for war, and the ability of the United States 
government to pay was never questioned. In spite of 
the unprecedented sales volumes in the steel industry, 
net income on investment during the war years averaged 
less than 6 per cent, while in relation to total sales, the 
net return was considerably less. I mention this merely 
to combat accusations that the industry benefited from 
war-swollen profits. 


The resources of our single war-time customer were 
seemingly limitless. The mightiest and wealthiest na- 
tion on earth, by tapping every source of income, was 
able to meet the staggering war bills which totaled 
hundreds of billions. However, in so doing, our govern- 
ment merely deferred actual payment for many years 
to come. The huge national debt with which we are 
saddled is going to take years to service and amortize. 
The resources of the entire American public are going 
to have to be partially devoted all during our lifetime 
to helping our nation honorably meet its war debts. 
That is part of the price we must pay for the inflated 
costs of materials of war which necessarily had to be 
paid. 

In a civilian market, on the other hand, the ability 
of the consuming public to put out the sums-of money 
to buy things to satisfy its needs and desires definitely 
is limited, and once the price of a product rises above 
a certain point, purchases of that item start to fall off 
or cease altogether. That is the one thing that labor 
must keep in mind; the only reason we have built up 
our mass markets is that we have constantly lowered 
the prices of the goods the consuming public wants and 
buys. 

My economics may be a bit old-fashioned when 
measured by some of the more modern standards, but 
my common sense, if nothing else, says that markets 
are not created by paying premium wages to a portion 
of our population for a moderate amount of production, 
with the hope that those premium wages will of them- 
selves produce greater purchasing power. Only by keep- 
ing costs and selling prices at an absolute minimum can 
you sell larger and larger quantities of goods, the manu- 
facture of which requires more and more workers earn- 
ing higher and higher wages, and thus create more and 
more potential customers. To declare that any other 
method will produce the result we are all after is putting 
the cart before the horse and, to my way of thinking, 
is just plain silly. 

As we all know, the war through which we have just 
passed was the most widespread and destructive in the 
history of mankind. Not only have millions of lives 
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been sacrificed, but countless billions of dollars worth 
of property has been destroyed and inestimable portions 
of our natural resources have been dissipated. The 
tragic loss of the cream of our manhood is something 
which never can be overcome. Our natural reaction to 
the death and disabling of this nation’s young men is to 
think of the shattered homes, the heavy hearts, and the 
added burdens which wives and mothers of the injured 
will have to bear. What is frequently overlooked is the 
loss involved to humanity in general. Economically, the 
penalty for the obliteration of hundreds of thousands 
of young men’s lives will be paid many years hence. 
We have no way of knowing how many potential Edi- 
sons, Steinmetz’s, Gershwins, Shakespeares, or Ketter- 
ings may have fallen on the field of battle. We do know 
that many thousands of the young men upon whom the 
future progress of this country and the welfare of our 
children rely have been irretrievably lost in the mael- 
strom of war. The very attributes which they could 
have devoted to improving our way of life in the years 
ahead led them to victory, and — in too many cases — 
to death. 

The reconstruction of ruined cities and rural areas 
presents a titanic job to be done. However, buildings 
and industrial installations can be replaced, and farm- 
lands can again be made fruitful and capable of provid- 
ing foodstuffs. 

Aside from the human loss, what are more serious 
are the disruptions and dislocations of entire economic 
systems, the uprooting of civilizations, the interruption 
of established methods and practices not only of carry- 
ing on business but in personal day-to-day relationships. 
No war has been waged in modern history without 
creating these strains and stresses which take years to 
relieve. When the distortions in the various component 
members of our world structure are eventually elim- 
inated, we shall find that we are not returning to the 
same established practices and customs with which 
we were so well acquainted previously. The basic foun- 
dation may be pretty much the same, but we will find 
that the structure has been strengthened and buttressed 
at various points, while certain bottlenecks and ineffi- 
ciencies have been eliminated, only to be replaced by 
new ones. There will be some alterations in the way of 
population shifts and newly created industrial areas 
which will be permitted to remain and be incorporated 
into the whole. 

Fundamentally, though, the basis upon which our 
civilization has been erected will have to remain un- 
changed if we are to continue to progress and make a 
better world out of the chaos which has befallen us. 
That basis is plain hard work. This nation was built up 
to its present preeminent position by dint of hard work. 
When the Pilgrims first landed at Plymouth in 1620, 
they had no choice but to roll up their sleeves and set 
themselves to the grim task of providing food and 
shelter for themselves and their families. They observed 
no set hours of labor and their only payment was in their 
hearts, in the knowledge that they were providing some 
small measure of security for themselves. The only rule 
which they had to guide them in their daily tasks was: 
“He who does not work, does not eat.” 

In due time they strengthened their foothold on the 
new continent and established themselves as an endur- 
ing community. In the ensuing years, other rugged 
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pioneers by sheer strength and hard work forged farther 
inland and threw back the physical barriers to civiliza- 
tion. 

With the coming of the industrial revolution, other 
hardy individuals laid the steel ribbons across the 
wilderness which converted a series of scattered com- 
munities into a closely knit nation which was destined 
to assume leadership of the world. Hard work brought 
into being iron and steel mills, implement manufactur- 
ing plants, textile mills and all the various types of 
industrial establishments which go into the making of 
a mighty industrial nation. Night and day, over a 
period of years, men worked and sweated in the mills and 
factories to build industrial America. Hard work was 
accepted to be the manner by which such a huge project 
could be completed. There was no substitute for work 
and none was sought. There was a job to be done, and 
if hard work could do it, that job would be done. 

The only method by which the job we are now facing 
can be accomplished is by hard work, the same as all 
big projects have become reality in the past. I do not 
by any means maintain that we shall have to revert to 
a 10- or 12-hour working day when all daylight hours 
are spent on the job. That has been proven to be not 
only undesirable from an individual’s point of view, 
but inefficient from a productive standpoint. I do say, 
however, that with a tremendous national debt to be 
amortized and extremely serious adjustments to be 
made in our way of life, we must assume a realistic 
outlook of the problems at hand. I cannot agree with 
those Pollyanna theorists who forecast a milk and honey 
existence now that the frightful business of war has 
ceased. The mere fact that tremendous backlogs exist 
in the demand for a multitude of articles necessary to 
our daily existence does not necessarily assure that 
money in almost limitless amounts is going to be avail- 
able to satisfy all of our wants or even all of our needs. 

The highway ahead of all of us should be clear. If 
that highway is to lead away from chaos and eventually 
bring us to an era of peaceful and prosperous existence, 
it will behoove every segment of our national life to 
pave that highway with bricks created out of clear and 
realistic thinking and industrious application to our 
daily tasks. More than that, those bricks will have to 
be bound together by the mortar of mutual trust and 
friendship. Every phase of our industrial, economic and 
social life will have to make its full contribution to the 
welfare of the nation as a whole. 

There probably is no more important a group of 
individuals in this whole picture than that of which 
you gentlemen are members. As I mentioned at the 
outset, I wonder if you are fully aware of the importance 
of the task which it is going to be your lot to perform. 

Dr. Vannevar Bush, director of the Office of Scientific 
Research and Development, has written that one of his 
hopes is that after the war there will be full employ- 
ment, and that the production of goods and services 
will serve to raise our standard of living. He states that 
it is not known yet how we shall reach that goal, but 
it is certain that it can be achieved only by releasing 
full creative and productive energies of the American 
people. 

“Surely we will not get there by standing still,” Dr. 
Bush states, “merely by making the same things we 
made before and selling them at the same or higher 
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prices. We will not get ahead in international trade 
unless we offer new and more attractive and cheaper 
products.” 


He further asserts that there must be a stream of 
new scientific knowledge to turn the wheels of private 
and public enterprise. 

I do not think there can!.be any disagreement with 
those sentiments by any thinking person who stops 
to realize that the high standard of living which pre- 
vails in our country today is made possible only through 
the development of newer and better products, together 
with speedier and more efficient methods of turning out 
those products. The very same formula is going to have 
to be followed in the days to come if we are to continue 
to progress and retain our leadership. 

Principally through the development and research 
activities of our engineers are we going to realize that 
better way of life which we all can see in the future. 
And it is particularly true of this group, inasmuch as 
this still is a world of iron and steel in spite of the 
creation and development of newer materials which 
hope to compete with steel. There is no doubt but what 
the plastics and lighter metals can find a useful place 
in the world of the future, but there also is no doubt 
but what iron and steel will continue their dominant 
place as the backbone of our civilization. For that 
reason I say that this group, more than any other 
similar organization, is going to be charged with the 
major part of the burden in developing a more pro- 
gressive way of life. 

I mentioned earlier that it was utterly impossible 
for the steel industry to increase its labor costs without 
passing the bill on to the consumer. However, I quali- 
fied that statement by saying that that was true under 
present methods of production. That is the crux of the 
whole question. 


As more efficient and time-saving methods of produc- 
tion are introduced, labor costs per unit will go down. 
Only through such means can we successfully increase 
our economic wage without raising our selling prices 
and endangering our consumers market. 


It is the engineers upon whom we must call to bring 
forth those improvements which will permit the work- 
ing man to produce more within a given length of time. 
Machines and techniques, however, are merely a means 
to an end. No machine yet devised can perform an 
entire operation by itself. The most important element 
in our production remains what it always has been — 
the human being. Only men can control equipment and 
machinery and make it do what it was designed to 
accomplish. Only men can organize the machine’s pro- 
ductivity and obtain top performance. It is here, again, 
that you gentlemen have a responsibility, because your 
jobs in many cases are primarily concerned with the 
men who operate the machines rather than with the 
machines, themselves. This brings us to the problems 
of management and organization and the many press- 
ing questions of the moment. 


You men have a great deal to do with management 
as well as engineering, and among one of the most 
important phases of management with which we have 
recently become familiar is the matter of unionization 
of foremen. When industry is faced with the threat of 
having a large segment of management organized, it is 
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time to meet that situation with clear thinking and 
determined action. 

It has been through free, unhampered management 
that American industry has built the industrial empire 
with which we are familiar. It is the beginning of the 
end if management tries to go east and west at thie 
same time. Authority and responsibility go hand in 
hand, and they cannot be separated. We cannot dele- 
gate authority and responsibility and have these func- 
tions controlled by outside leadership. 

You well know that oil and water do not mix. 
Neither do unionization and management mix. To the 
extent to which such conditions may occur, a revised 
form of supervision is indicated. 

It is believed that management’s best approach to 
this situation is to meet the situation frankly and 
directly through discussion with those men who are or 
who may be interested. 

We in our organization have followed such a pro- 
cedure. You will recall that the National Labor Rela- 
tions Board, in a majority opinion, has stated: that 
foremen are nothing but traffic cops. We do not believe 
that these foremen want to be traffic cops. 

Company policy, if it is not already established, 
should be established to the effect of recognizing indi- 
vidual initiative, of recognizing individual ability, and 
of recognizing individual capacity to assume leadership. 

We like to think of management as a team in which 
each player has his part to play and plays it well, and 
in so doing contributes not only to the well-being of the 
team as a whole, but makes the maximum contribution 
toward his own individual effort and toward his own 
individual advancement. 

One of the arguments which is so frequently advanced 
as being a keystone as to why men in management 
should seek organization is that they will have greater 
security. At that point I think we ought to pause and 
ask “‘What is security? How is it obtained? How do we 
go about it?” 

Certainly it is not obtained by someone signing his 
name on a piece of paper. It seems that the best guar- 
antee of security, not only for those engaged in manage- 
ment and in supervision but also for those who work 
with their hands as well as their heads, is to build a 
strong company which has good organization, a com- 
pany which is strong in good productive facilities, a 
company which is strong financially, and a company 
which has the ability to satisfy its customers. 

It is the prerogative and the duty of management to 
oppose aggressively, by all proper and legal means, the 
organization of our supervisory forces for the purpose of 
unionized collective bargaining, and in that particular 
endeavor industry has this matter squarely in its own 
hands. It is a challenge which must be met, and met 
squarely and fairly. 

You men and your predecessors have done a magnifi- 
cent job in the past in lightening the burden of mass 
production and you are to be further charged with the 
responsibility of relentlessly pursuing more and more 

efficient production techniques to the end that higher 
wages can be paid, more goods can be produced and the 
standard of living of our whole nation can be brought 
up to the level which will permit every individual to 
live graciously and enjoy the simple pleasures which 
are the right and heritage of all mankind. 
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Overload Protection FOR 


MILL-TYPE D-¢ Canliary Wotors 





.... what to do when the motor overloads 
has always been a bone of contention between 
steel mill maintenance men and operating 
men... . this paper discusses in detail the 


operation of several types of overload relays 
and their application, particularly to mill- 


type motors.... 


by G. A. Moffett 





A BEFORE discussing the protection of d-c auxiliary 
motors, it is, I believe, advisable to arrive at a common 
understanding on the meaning of the term “overload” 
and to briefly review the characteristics of the motor 
we are attempting to protect. To arrive at this common 
understanding it is necessary that we recognize and 
differentiate between overcurrent, overtorque, and 
overload. Overcurrent implies a current condition more 
severe than that of a stalled motor or maximum com- 
mutating ability, in other words, a short circuit; over- 
torque —a condition of loading that would cause a 
motor to stall or to draw a current in excess of its safe 
commutating ability; and overload — as a continuous 
or rms current condition within stalled or commutating 
ability but above nominal or the 100 per cent current 
rating. 

A motor when operating within its mechanical and 
commutating limits has only one reaction other than 
attempting to produce a rotating torque to the current 
passed through its windings, namely, the generation of 
heat. Starting with a cold motor, if the current is con- 
tinuous and nominal, the heat will be generated gradu- 
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ally, will pass from the copper of the windings through 
the insulation to the iron of the machine, resulting in a 
gradual rise in temperature of the copper, insulation 
and iron, and will level off at the machine’s allowable 
temperature rise, which is usually recognized as 75 C. If 
on the other hand the current is in excess of nominal, the 
heat is generated at a higher rate, and as the rate in- 
creases it becomes more difficult to conduct this heat 
through the insulation to the iron, and we ultimately 
reach a condition when the insulation will be at a higher 
temperature than its allowable rise. Such a condition 
will not result in an immediate motor failure; it will, 
however, cause an increase in rate of insulation deterio- 
ration which simply means a shorter life. As a rule of 
thumb, we are told that the insulation life is halved for 
every ten degrees of excess temperature for the length of 
time of maintenance of that temperature, and, con- 
versely, the insulation life is doubled for every ten de- 
grees under the allowable value for the length of time 
of maintenance of this temperature. 

When we use the term horsepower in connection with 
a mill-type motor, practice and usage have caused us to 
refer to its one hour rating. The terms starting torque, 
running torque, service factor, 4% hour and even 4 hour 
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Figure 1 — Time-current characteristics for A. |. S. E. No. 
12, 50 hp motor. 


ratings are familiar. What do these terms mean and how 
are they arrived at? First of all, they refer to some base 

- again the 1 hour rating. In a compound-wound mill- 
type motor the established ratio of starting torque to 
the 60 minute rating torque is 44% and the maximum 
running torque to the 60 minute running torque is 3% 
to 1. Starting torque ratings are limited only by mechan- 
ical construction, and running torque by commutating 
ability. Service factor, 4% hour, 4% hour, or any other 
horsepower rating, together with the frequencies of the 
torque ratings, are established, however, solely from 
temperature considerations. 

These temperature limitations result in a motor 
characteristic following the pattern of the A. I. S. E. 
No. 12 50 hp, 1 hour motor, which is used as an example 
and is as follows: 


% Full Load Amp 


83 45 
185 100 
245 132 
350 190 


This published data is not sufficient to complete the 
thermal characteristic. We know, however, that the safe 
commutating or running torque is 350 per cent of the 
60 minute rating, and assuming that such a point can 
be held for 4 or 5 minutes without exceeding a prohibi- 
tive rise, we may add very important points to our 
curves which give us more complete characteristics. 
Such points would be: 


oi 
Hp | “> Hp | Full Load Amp at 230 v | © Full Load Amp 


133 560 305 


The characteristic current time curve thus obtained 
would be as indicated in Figure 1. 

If we are to accept all of these as fundamental factors, 
then we must think in terms of temperature when we 
think of overload protection. 

The mere fact that a relay operates on a temperature 
principle does not mean that it provides overload pro- 
tection. A motor has, as was demonstrated above, a 
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definite and well defined heating characteristic, and if 

we are to provide overload protection in accordance 

with our definition, we must have available a relay 
whose characteristic matches that of the motor. 

Two types of relays are commonly used today to give 
protection to our motors. You are to note that I have 
used the term “protection” because in present day 
practice overload protection in the true sense of our 
definition is not used. These two types of relays are 
“instantaneous” and “inverse time.” 

The instantaneous relay consists essentially of a series 
coil, a magnetic plunger, and a contact assembly which 
may be of the automatic or hand-reset type. This relay, 
as the name implies, will operate instantaneously when 
the current in the coil (motor current) reaches or exceeds 
the pre-determined value at which the relay is set. 
Such a relay is usually chosen with a coil of a current 
rating in excess of the 60 minute motor rating and hav- 
ing a calibrating or setting range of from 200 to 400 per 
cent of this 60 minute rating. If we are to take advan- 
tage of our maximum running torque — and we do — 
we must set the relay at approximately 350 per cent. 
With such a relay and setting, two conditions become 
obvious: 

1. We cannot take full advantage of the 450 per cent 
maximum starting torque as the relay must be set to 
protect the 350 per cent running torque. 

2. A relay with such setting definitely offers no thermal 
protection. 

The inverse time relay, like the instantaneous type, 
consists of a coil, a magnetic plunger, a contact mechan- 








TO CONTACT 
MECHANISM 


Figure 2 — Solder-pot or low temperature solder thermal 
relay. 


Figure 3 — Solder-film type of thermal relay. 
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Figure 4— Photograph of solder-film type of relay. 


ism, and in addition some restraining means attached 
to the plunger which gives a purposely delayed action. 
The time delay, as the name implies, is inversely pro- 
portional to the current flow in the relay coil. 

Such a relay is usually chosen with a coil giving a time 
adjustment range of from 100 to 250 or 300 per cent, 
with a corresponding instantaneous range of from 250 
to 500 per cent. With such a relay set at minimum and 
with full running torque applied, the relay would oper- 
ate instantaneously. On the other hand, if the relay was 
set at maximum and maximum running torque applied, 
the relay would trip in approximately 30 seconds. With 
the same relay settings and minimum running torques 
within the tripping range, we could expect a maximum 
timing of approximately 100 seconds. There are, of 
course, different makes of this type of relay available, 
and the calibrating and timing ranges will vary. They 
all, however, follow essentially the same pattern, and 
when it is compared with the time allowed by the mo- 
tor’s thermal characteristic it becomes quite obvious 
that this relay will provide a degree of overload pro- 
tection for a continuously loaded motor, but for one 
having a wide and variable duty cycle, it offers little 
more than that of the instantaneous relay. It does not 
permit full use of maximum torque nor does it give 
thermal protection. Therefore the only advantage of the 
inverse time over the instantaneous relay for a mill 
auxiliary is that it may be set at a lower value of current. 

This is the kind of protection we are giving the mill 
type motor today. It is the same protection we were 
providing 15 to 20 years ago. The need for more ade- 
quate overload protection is becoming more evident 
and is actually a matter of growing concern to many 
maintenance men. That there should be thousands of 
mill type motors operating without any effective over- 
load protection for the motor itself may be surprising to 
many; yet such is actually the case. While many people 
are looking for more adequate overload protection, a 
large group still feei that the instantaneous relay is 
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entirely adequate. This group feels that good mainte- 
nance is the best insurance against overloading and the 
consequent overheating of the motor. In fact, good 
maintenance is today the only practical insurance 
against destructive overheating of the mill motor and 
as such the degree of freedom enjoyed from motor burn- 
outs is a tribute to both the quality of maintenance and 
to the sturdiness of the mill type motor. 


Is present practice sufficient? We fully appreciate that 
the duty cycle imposed on the mill motor is variable and 
is most severe. We appreciate that the mill motor is of 
unusual sturdy construction and as such is well adapted 
to this type of application. We also fully appreciate 
that these motors are very carefully selected for their 
specific jobs — and they do them well, as long as con- 
ditions are normal. Occasionally, however, conditions 
become abnormal and when these abnormal conditions 
arise, we must rely on the skill and training of electrical 
maintenance personnel for protection. 





What kind of protection should be provided? We 
have attempted to find the answer to this question, and 
get many answers which can be roughly classified in 
four groups. 

1. Some mill men have informed us that there should 
be no protection. 

2. A large group feel that the protection offered by the 
instantaneous relay is sufficient. 

3. A third group appear to be in favor of an inverse 
time relay. 

4. Others feel that thermal protection should be pro- 
vided, 


If we are to consider the thermal relay, it is advisable 
to give consideration to the physical construction and 
the characteristics which these relays provide. The 
thermal relay consists essentially of three parts — a 
heat producing means, a heat responsive means, and a 
contact mechanism. The heat producing means for d-c 


Figure 5 — Bimetal heater type thermal relays. The line 
current generates heat which causes the bimetal to 
deflect away from the end of the latch. When the bi- 
metal has deflected enough to release the latch, the 
latch moves upward, actuating the contact mechan- 
ism. 
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Figure 6 — Photograph of bimetal thermal relay illus- 
trated in Figure 5A. 


r 


Figure 7 — Photograph 
trated in Figure 5B. 
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operation would be restricted to those of the resistance- 
type in which full or partial motor current is carried 
through a heater whose temperature is increased by 
motor current and this heat radiated or conducted to 
the heat responsive mechanism. The heat responsive 
mechanisms can be divided into three common groups 
— low-temperature solder, bimetal, and expansion 
metal types. 

The low-temperature solder type, commonly known 
as “‘solder-pot”’ or solder film, is illustrated in Figure 2. 
The solder-pot relay usually consists of a container filled 
with a specific amount of low-temperature solder, form- 
ing a stationary member, and in addition a movable 
member consisting of a ratchet or gear having an irregu- 
larly shaped stem that is inserted in the pot or pool of 
solder. The gear is used for applying a force necessary 
to rotate or move this member, thereby actuating a set 
of contacts when the temperature of the solder has been 
raised to its flow point. For proper and consistent oper- 
ation of this type of relay, it is necessary to maintain 
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accurately the melting point and amount of solder used. 
It is also necessary to keep the exposed surfaces to a 
minimum and to keep the parts absolutely clean during 
assembly. Otherwise oxidation of the solder or the parts 
will seriously affect the operation and characteristics of 
the relay. 

The solder film, shown in Figure 3 and Figure 4 is 
essentially the same as the solder-pot except that it does 
not use a pool of solder but a very thin film of solder be- 
tween the statienary and movable parts. In this design, 
a very small amount of solder is used and as such re- 
duces possible difficulties, such as slagging and loss of 
solder from irregular mounting. 

The bimetal types of thermal relay are the most com- 
mon type used today and have been manufactured for 
a great number of years with good success. There is 
available to the relay designer a large variety of bi- 
metals, both with respect to thermal characteristics and 
physical shapes, which give a wide latitude in choice 
of metals to meet the particular requirement for a speci- 
fic form of relay. In all cases the bimetal element oper- 
ates some form of contact mechanism which is subject 
to friction variation, and as such the bimetal element 
must have an ample power margin; otherwise erratic 
operation may result from variation in the mechanism 
proper. It is also essential that the bimetal be normal- 
ized by heat treatment after forming operations to 
eliminate the possibility of permanent change with 
aging in relay calibration. 

A large variety of bimetal relays are available; the 
most common types use the bimetal as a cantilever, disk, 
and helix. Both the cantilever and the disk give a 
straight-line motion to the associated mechanism, while 
the helix operates by rotary motion. Common forms of 
the cantilever type of bimetal mechanism are as illus- 
trated in Figures 5, 6, and 7. 

Expansion metal relays are relatively rare. These 





Figure 8 — Expansion metal tube type thermal relay. 
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Figure 9— Photograph of expansion metal tube type 
thermal relay. 


consist of essentially two types, the so-called hot-wire 
and expansion-tube relays. So far, the hot-wire type of 
relay has not proven too successful due primarily to the 
physical size required to accommodate the length of 
wire necessary to make such a relay operative. 

There has, however, recently appeared on the market 
an expansion tube type of relay which is of acceptable 
physical size for relay usage. 

The temperature responsive element of this relay 
consists essentially of a supporting frame, a manganese 
alloy tube, and a lever mechanism to actuate the relay 
contacts. A heater is inserted in the tube which on the 
application of heat causes the tube to elongate and in so 
doing releases the latch mechanism, which in turn oper- 
ates the relay contacts. As the elongation of the alloy 
tube is very small, a large multiplication of lever ratios 
in the latch mechanism must be used, and as such it is 
very essential that the parts be held to very close toler- 
ances. As the heater is completely surrounded by the 
alloy tube, the heat transfer from the heater to the tube 
is very efficient. Relays of this type are as illustrated in 
Figures 8 and 9. 

Relays of the thermal type are used quite successfully 
and almost universally on squirrel-cage induction 
motors whose characteristics are variable and, I believe, 
harder to match than those of the mill-type motor. It 
appears, therefore, that it is not an impossible task to 
provide a thermal relay to match the thermal character- 
istic of the mill motor. 

In considering the thermal relay we must remember 
that it heats and cools in a manner similar to that of 
the motor, and as such once the relay has operated it is 
not suitable for instantaneous reset. The resetting time 
can, however, be controlled and reduced to a value that 
is a fraction of the tripping time. The questions then 
arise as to whether reset time is permissible on a mill 
auxiliary or whether instantaneous reset is required? If 
time is allowable, then what is the maximum per- 
mitted? These are very important questions to the mill 
operator and relay designer, for if thermal protection is 
to be considered, there must be agreement on these 
points. 
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In attempting to answer these questions, it is obvious 
that we cannot reflect the true picture of motor heating 
and cooling in a relay unless we allow the relay to cool 
and reset in a time which is comparable to the cooling 
period of the motor. A shorter reset time, therefore, 
represents a compromise which we must accept in order 
to make the application practical. It then becomes a 
question of “‘degree of compromise,” the greatest degree 
being that of instantaneous reset. 

I have attempted to give a few of the limitations and 
characteristics of motors and of relays. It is hoped that 
these remarks will promote thinking and discussion on 
the part of the user, from which may come the answer 
to the question, “What type of protection should be 
provided?” 


DISCUSSION 
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ing Department, Westinghouse Electric Corpor- 
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\G. E. Stoltz: I suppose there is no class of rotor 
today in the steel industry that receives more abuse than 






71 




















the mill type motor. I do think we have come to the 
place where we have a pretty fair knowledge of what 
the application requirements are and can select a motor 
that will not necessarily be overloaded. There has been 
a great accumulation of information from the time 
when we had to guess at the power requirements. The 
bearing design used on the machinery that the old 
motors drove was poor, and sometimes the motors were 
required to operate these drives with bearings having 
very little lubrication. In the older days the gearing 
was not nearly as good, so it was quite difficult to 
properly select a motor to meet the conditions that 
might prevail. Today machinery is well designed so that 
there is not much variation in motor loads. 

Mr. Moffett mentioned three different types of over- 
loads. One is the torque overload. We do not ordinarily 
give this much thought or attention but an installation 
came to my mind that illustrates his point very well. 
i remember a hot strip mill where mill type motors are 
used on the screwdown. The screws are run down until 
the motors stall and when it is time to raise the screws, 
it is sometimes a problem to get the motors started. So 
we do have such applications as Mr. Moffett mentions 
where there is a definite torque overload. 

Many of our old machinery applications should be 
protected by thermal relays. I believe the greatest 
trouble in the past with mill type motors has been over- 
heating from one cause or another. To properly protect 
such applications I would use a thermal relay that would 
come as close as possible to the thermal time constant 
of the motor. 

Some years ago we applied a meter that indicated the 
rms current of reversing blooming mill motors. This 
meter was lagged to have the same thermal time con- 
stant as the motor. It merely indicated the thermal con- 
dition of the motor at any particular instant. 


I would also put on such a motor a relay to protect 
the commutator. It would protect against peaks of short 
duration, that would burn the brushes and the com- 
mutator. 


Mr. Moffett has mentioned the time delay incurred 
for resetting the thermal relay without giving us the 
answer. He apparently feels the operators should express 
their views on this subject. In general the electrical de- 
partment wants the motor removed from the line when 
it reaches a dangerous temperature while the particular 
operating department involved prefer to have the 
motor continue operation. The operating departments 
object to having the motor disconnected from its power 
source and in some cases they will make an alarm circuit 
ineffective. 

In my opinion there is one of two decisions to make. 
The first is that the load conditions have been carefully 
studied and the electrical apparatus properly applied 
so that there is so little chance of overheating the 
motor, that thermal overload protection is not war- 
ranted. The second is an application where the motor 
may be subject to abuse from the operator or the driven 
machinery may be neglected and the bearings or other 
parts may produce increased loads that will overheat 
the motor. 

On this second type of application I think the motor 
should be provided with thermal protection that re- 
moves it from the line when a hazardous temperature is 
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attained. Some inconvenience will be incurred by the 
delay to allow the thermal relay to reset, but such inter- 
ruptions should not be allowed to continue. With avai!- 
ability of present day, well designed machinery, and 
ready means of testing the load requirements, the cause 
of any repeated interruption of service due to overhest- 
ing a motor, should be removed. If overheating is due {o 
abuse from the operator the best way to correct this is 
to have a period of interruption of service each time thie 
motor is overheated. 

When reversing blooming mills were first installed tlie 
reset button for the main air circuit breaker between 
the d-c generator and the reversing motor was placcd 
in the operator’s pulpit. This made it possible for thie 
operator to quickly reset the breaker. With such a con- 
venient arrangement it was found that the equipment 
was subject to sufficient overloads to trip the breaker 
as many as twenty-five times a day. 

It was finally decided to put the reset button on the 
breaker panel in the motor room so that the roller was 
required to advise the motor room attendant, and then 
wait for him to reset the breaker. It was immediately 
found that the roller adjusted his rolling schedule to 
not trip the breaker at the most but three or four times 
per day. 

We as manufacturers then started a program of the 
development of relays to limit the current peaks so that 
the roller could throw his master switch from one ex- 
treme position to the opposite extreme position without 
causing the armature current to exceed predetermined 
safe values. 

At the present time reversing mill control is developed 
to a point where the roller operates almost as he chooses, 
the current control limits the armature current to a safe 
value, and the circuit breaker is seldom tripped. As a 
matter of fact, reversing mill applications have been 
worked out so well that it is no longer practice to provide 
either thermal protection or indication. This method of 
correcting an improper, or inadequately controlled 
application is more logical than to be satisfied with an 
installation that is bound to continue to be troublesome. 

There is a third type of application where overheat- 
ing of the motor might only be occasioned by an emer- 
gency where it would be hazardous to remove the motor 
from service. Such an installation might best be served 
by the use of an indicating thermal demand meter that 
could be used by the operator to know the thermal 
condition of the motor. 


R. E. Brown: Mr. Moffett did not refer to the type 
of overcurrent or thermal relay which is combined with 
a magnetic trip which one manufacturer introduced, 
and I believe several are now used with considerable 
success. That relay has been found to overcome some 
of the disadvantages of the straight thermal type. 

I would like to hear the operating men express their 
views on the three kinds, the straight thermal, the 
straight magnetic, and the combined thermal and 
magnetic. 


L. R. Milburn: A-c motors have been and are still 
being controlled with thermal overloads. The d-c mill 
motors, however, have not been. 

I am familiar with one case in which two 45 hp mill 
type motors — working on a mill screwdown in parallel 
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—- pulled sufficient current, in the stall position, to be 
equivalent to 450 hp for each motor. Had there been 
thermal overloads on these motors, I believe that we 
would have saved the destruction of the worm wheels. 
The ordinary overload will not limit the amount of cur- 
rent which a mill type motor will take. 


It is my opinion that the only people who can help 
us to help ourselves are the control builders, and I think 
the electrical manufacturers are on the right track when 
they propose to design proper thermal overload protect- 
ing devices for mill type motors. 


The question of time for resetting, when the overload 
device trips, is not so very vital. 

When a d-c motor is protected by thermal overload 
devices and the overload trips, I am of the opinion that 
the piece of equipment should be investigated in order 
to relieve this overload. 

I am inclined to believe that we should have auto- 
matic resetting inasmuch as the controls are generally 
removed from the motors at some distance, and are 
manually reset. Considerable lost time to reset the 
relays sometimes occurs. 


F. Mohler: It seems to me that one of the funda- 
mentals of this Association is to lay down the require- 
ments of the steel industry, and I would like to see a sub- 
committee of the Control Committee formed to say 
what the steel industry wants. Now, whether the supply 
industry can meet your requirements or not remains to 
be seen. However, every time a relay is designed it costs 
$50,000, and one way or another, the steel industry pays 
for it. 


J. D. Brick: I think Mr. Mohler is right as far as 
electrical manufacturers are concerned, because there is 
no universal relay. We have built thermal expansion hot 
wire and bimetal relays, and magnetic dash pot and 
noncreeping dash pot relays, but we have been unable 
to apply a universal relay for all applications that will 
satisfy all customers. 

I agree again with Mr. Mohler that we can design and 
build anything the steel industry wants. With reference 
to the reset time of overload relays, there is no sense 
in trying to restart a motor immediately after it trips 
out, because it has reached its maximum thermal ca- 
pacity; the motor is filled with heat, and why try to put 
in more when it is already filled to capacity? For this 
reason, there is no point in saying, “Well, we are going 
to have an instantaneous reset on a relay, particularly 
if it is of the thermal type.” On the old dash pot relays 
you could apply instantaneous reset, because the relay 
tripped before the heat capacity of the motor was 
reached. 


F. Mohler: There is one suggestion I have been 
mulling over in my mind on this reset problem. Even 
though you say, ““O. K., let’s take our time to reset,” I 
know the first time you stick a slab in the mill, you are 
going to throw long time reset relays out. I have thought 
maybe the thing to do is to put in instantaneous relays 
for your short circuit protection, as well as thermal. 
However, the only thing the thermal would do would 
be to sound a horn every time it goes out, and let it 
blow until somebody does something about it. This 


[RON AND STEEL ENGINEER, DECEMBER, 1945 


method would at least allow the operator to finish out 
his slab. 


L. R. Milburn: Don’t you think what you are 
trying to prevent is the burnout of the motor? Your 
mill motor is built to take pretty nearly anything that 
comes within reason up to the stalling point. In fact, we 
do stall, and the motors don’t burn out unless you 
leave them on too long. So the thermal overload would 
be all right, even if it took you an hour to reset it, be- 
vause by the time you stalled the motor and tripped 
your overload relay, there would be something wrong 
with your machine. 


C. B. Hathaway: It seems to me the question of 
protection is the value you save in the motor as com- 
pared against the loss in the product if you interrupt 
the service. 

You find two kinds of applications where you need 
overload protection. One is where a machine is re- 
motely located and the other is where it operates in the 
midst of attendants. 

In the first case the motor should be cut off the line 
when it is overloaded to prevent a much longer inter- 
ruption in service if the motor failed. 

The second case is the common condition found in 
steel mills. As Mr. Moffett pointed out, one may assume 
that the motor has been applied intelligently; therefore, 
the trouble is not likely to be caused by excessive load 
from the driven apparatus, but because something has 
happened to increase the friction in the system. Now if 
the overload relay operates a signal, the attendants 
near the machinery may examine the bearing housings 
or gears and may locate the fault and remedy it without 
delaying the process. 

In this case, even if the protective device cuts the 
motor from the line, are you not more interested in the 
signal that such action affords than in actually protect- 
ing the motor? 

I like the horn idea. It seems to me that some such 
signal that cannot be easily suppressed will produce 
the most desired results. 


C. O. Franklin: There is another type of thermal 
relay which was not mentioned. It is one which is used 
extensively in the protection of fractional horsepower 
motors, and sometimes for protecting large main mill 
drive motors. I refer to the snap-action thermal relay 
which is attached to the motor frame and opens the 
control circuit or operates an alarm when the motor 
reaches a predetermined temperature. This type of relay 
might be considered for the protection of some of the 
more important mill type motors. 

J. W. Stirling: It has been the practice to protect 
transformers against overload on the basis of extra- 
ordinary heat in the transformer itself, not in some 
piece of equipment separate from the transformer. We 
protect the ‘transformer from damage by secondary 
overloads on the basis of the ability of the transformer 
to withstand that temperature which will not damage 
the insulation and yet allow maximum loading. 

I see no reason why a practical solution of that could 
not be applied to a mill motor. 


P. J. McKeever: In the case of large motors, the 
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combination of the standard bimetallic element (im- 
bedded in the windings of the motor), plus instantane- 
ous overload relay, comes nearer to giving full protec- 
tion. When the bimetallic element operates, it does take 
time to reset, but this is also a safeguard for the wind- 
ings themselves. 

The solder pot type relay is all right for motors up to 
and including five horsepower. On motors above five 
horsepower, the instantaneous relay should be used. 
On loads such as pumps and blowers, the bimetallic 
built-in element should be in series with the instantane- 
ous overload relay. In all the above applications for 
protection against short circuit, I would recommend a 
circuit breaker be installed. 


J.D. Watson: In the application of overload pro- 
tection, the demand for different types of equipment is 
just about as varied as the different positions or loca- 
tions where you can install motors. Mr. Mohler’s sug- 
gestion of the alarm for overload is proving quite satis- 
factory in some cases. However, if you have a furnace 
full of slabs, you are going to run, and it doesn’t make 
any difference what tripped the relay if you can keep 
going. The same motor in a different location in the 
same mill might require different overload protection. 
On the matter of a screwdown, you will have directional- 
overloads; one overload would be set to one value in 
one direction and another value in the other direction, 
and to pick out any one overload device would not be 
possible. You have to pick from a great variety of over- 
load devices. 


J. F. Reis: While the mill operating personnel is in- 
terested in the production of steel, the maintenance 
personnel must maintain the equipment. Therefore, the 
protective equipment must be engineered to meet the 
requirements of the particular drive. This condition 
should be met at all times and is most important today 
because of the extended delivery of replacement parts 
and the shortage of trained electrical and mechanical 
repairmen. 


The use of thermal type overload relays to protect 
motors, as stated by Mr. Moffett, gets at the root of 
many of the control and motor failures in steel plants. 
The proposed thermal overload relays should be de- 
signed so that their operation is unaffected by steel mill 
dirt and corrosive gases and preferably be nonadjust- 
able. The suggestion that the overload relay contain a 
time lag reset feature to permit the dissipation of excess 
heat stored in the motor has merit. The statement that 
when a furnace is loaded with hot steel ready for re- 
moval, the drive will be used despite any overload con- 
dition which may obtain illustrates a practice which 
induces destructive stresses in electrical and mechanical 
equipment and efforts should be made by the operating 
department to restrict such practices within economical 
limits. 

It is my understanding that the thermal overload 
relay, proposed by Mr. Moffett, permits maximum safe 
loading of the motor and therefore uses its rated capac- 
ity economically. 


J.D. Kelvie: I believe the only protection you need 
on mill auxiliaries is short circuit protection. Practically 
all overload protection I know of will be found to be 
shorted out after the overload has caused a delay a 
few times. 

As far as the thermal overload relay goes, what hap- 
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Figure A — Characteristic curve for Tl-2 relay. 
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pens at twenty below zero or one hundred ten? I[sn’t 
that going to give you a wide variation? 

In cold weather all mill auxiliaries are going to be 
overloaded until gear shield, etc., gets warmed up and 
the motor must take such overloading. 

I think the idea of putting on a lot of horns is good, 
if somebody will give us a horn that will keep working. 

M. W. Smith: What are you going to do, if nobody 
pays any attention to the horn? Are you going to let 
the motor burn up or put a second control on it to 
trip it off? 

J.S. Murray: We find that horns in steel mills are 
usually ignored. In fact, there are too many horns, 
whistles and bells in most steel mills at the present time. 

The subject illustrates the unavoidable pressure 
which war-time industry is exerting on electrical equip- 
ment as well as many other things, including personnel, 
and we believe that this is the real issue, in that we are 
operating electrical equipment beyond all normal limits 
of protective devices in a great many cases. In fact, a 
considerable number of such devices are cut out entirely, 
and for this reason we believe that the conditions men- 
tioned here are somewhat unfair to the overload relay. 

However, there is no doubt that there is need for im- 
provement in such devices, and it might well be that 
the Association should lend a hand to further coopera- 
tion with the control manufacturers on improvement of 
overload relays. 

G. A. Moffett: I do not think that the TI relay is a 
thermal overload relay. 

If you will look at the descriptive literature on this 
relay, you will find no mention of it being a thermal 
relay. The engineers have made a very ingenious use of 
an alloy commonly known as Invar. When Invar reaches 
a certain temperature, dependent upon the particular 
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grade of alloy used, it loses its magnetic properties. 
When it does so, it loses its restraining power, giving the 
relay the freedom of action of a straight magnetic 
device. 

Sticking closely to the definition of overload, I do 
not think that the TI relay can be classified as a com- 
bination thermal and magnetic relay. The curves pub- 
lished on this relay show time-current characteristics 
which do not agree with the thermal characteristic of 
the mill motor or any other motor on the market. 

I am firmly convinced that you can take mill type 
motors, have them run their duty cycle, and have them 
up to the allowable temperature rise of 75 degrees, and 
while in this condition, commutating torque can be 
applied and held for two minutes without seriously 
affecting the motor. You can take motors and submit 
them to something in the neighborhood of 300 heat 
shocks, each shock taking the motor to a maximum 
temperature of 200 degrees C, and in so doing you will 
not have taken more than 8 to 10 per cent out of the 
life of that motor. I believe it is not too serious when 
we consider that it is a serious proposition to lose the 
use of a motor under an emergency condition when you 
would like very much to have it handling the load for 
which it was intended. 

There was another comment relative to the so-called 
thermoguard or thermotector protection, that is, where 
one should actually locate the protective device in the 
motor. In my opinion, it is not necessary to locate the 
protective device in the motor to get protection. It is 
true that with thermal protection built into the motor, 
protective elements are always in the same ambient as 
the motor, whereas if the relay is mounted with the usual 
control equipment it is located at some distance from 
the motor, and possibly in a different ambient. That is 
not an objection which cannot be overcome, because the 
relays can be ambient compensated. Differences in 
ambient conditions are only very slight objections. 

Again, the thermal elements in the motor take their 
heat directly from a condition of current in the windings, 
and a condition of temperature in the iron. The thermal 
relays mounted remote from the motor take their tem- 
perature solely from the current to the motor. 

These conditions can be adjusted so that you can 
get identically the same characteristic curves whether 
the relays are mounted with the motor or remote from 
the motor. The only objection there is, as I see it, to 
putting this protection in the motor, is that it requires 
the running of additional control wires between control 
equipment and motor. Whether or not that is a serious 
objection I do not know. Definitely, it is a very large 
objection in the general purpose field. That may not be 
so with steel mill auxiliaries. 

G. E. Stoltz: The TI overload relay is designed to 
trip at some per cent of continuous load such as 100 to 
120 per cent up to an instantaneous overload of 200 to 
400 per cent. Its type designation TI means thermal 
and instantaneous protection, and its operation is a 
combination of magnetic and thermal “principles. The 
load current passes through the Invar element which 
is an iron nickel alloy. Up to a temperature of 200 C it is 
magnetic and holds the relay armature in its down 
position. Above 200 C it becomes non-magnetic and 
loses its hold-down effect so that the armature is drawn 
to its upper position. High overload will immediately 
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overpower the downward pull of the Invar element 
even though it has not had time to be demagnetized. 
An overload of intermediate value will in time heat the 
Invar current carrying element to 200 C demagnetize 
it which will allow the relay to trip. 

Figure A is a characteristic curve of the TI overload 
relay, plotted between time in minutes to trip and per 
cent full load current. This particular curve has been 
plotted on the basis of tripping with 120 per cent load 
in seven minutes, 200 per cent load in thirty seconds, 
and above 400 per cent load, to trip practically instan- 
taneously. 

This relay is not a thermal relay to match the thermal 
time constant of a mill type motor but is designed to 
protect the commutator of a d-c motor and to permit 
starting peaks. 

This relay with a thermoguard imbedded in the wind- 
ing of a motor would give very complete protection if 
it is justified. The thermoguard is a bimetal element 
which can be used to close or open a circuit. For this 
application on a mill type motor it would be imbedded 
in the interpole winding and at a predetermined tem- 
perature would close a contact which would energize a 
relay circuit. The thermoguard uses the motor as the 
thermal element which removes any doubt as to its 
accuracy. 

There are many installations that can be very well 
served by a TI overload relay alone. If there is any 
question about the thermal capacity required, a port- 
able graphic thermal meter could be temporarily in- 
stalled to determine the rms load. 
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THEORETICAL LIMITING Efcccency 


0F Various Fuels 


IN THE Ogen Aearth 


.... a theoretical survey of various fuels for 
open hearth use brings out certain factors 


which should be borne in mind in long range 


consideration of problems of fuel selection 


by B. TH. Larsen and @. Siddall 













A IN order to evaluate a fuel to be burned in a system 
as complex as the open hearth furnace, it is best to sepa- 
rate the “‘static” elements of the problem, mainly the 
quantities of heat between various temperature levels, 
from the ““dynamic”’ elements, such as rate of heat trans- 
fer and flame development. Accordingly, we compare 
the fuels on a “‘static”’ basis, assuming that the several 
rates of heat transfer are so adjusted as to give a com- 
parable temperature at certain critical points in the 
furnace systc:n. Although this comparison does not fur- 
nish a complete answer to a given fuel problem, it does 
indicate the limiting efficiency to be expected of each 
fuel; with such a background, and with due considera- 
tion of the basic factors of excess air, leakage, and 
regenerator efficiency, it should be easier to analyze the 
performance of a given fuel with respect to a possible 
deficiency in fuel-air mixing rate or some other “‘dy- 
namic’’ element of the problem. Moreover, it provides a 
basis for an estimate of the engineering possibilities of 
mixed gas, particularly of a mixture of blast furnace 
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and coke-oven gas, and on certain aspects of furnace de- 
sign for such a mixed fuel. 

The calculations and tentative conclusions are to be 
regarded only as an aid in the practical problems of 
open hearth design; they should not be interpreted as 
arguments against many compromises that are unavoid- 
able in such design. It is helpful to know all the theoreti- 
cal limitations of a given problem even though an appre- 
ciable margin of efficiency may have to be sacrificed in 
the best all-round practical solution. 

The calculations indicate that straight producer gas 
can benefit less from larger regenerators than perhaps 
any other fuel. Oil and tar gain somewhat more from 
deep regenerators, although even with these it is rela- 
tively more important to minimize excess air and leak- 
age. Producer gas enriched with coke oven gas is more 
dependent upon efficient regeneration. With premixed 
coke oven and blast furnace gas, good performance de- 
pends largely upon the provision of extra deep, efficient 
regenerators, especially of relatively larger gas checkers, 
and upon such design features as will make it possible 
to conduct a larger fraction of the outgoing gases 
through the gas checkers. 
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The data indicate that a mixture of approximately 
85 per cent coke oven gas with 65 per cent blast furnace 
gas, premixed and preheated in a properly designed 
furnace, has, because of its large capacity for carrying 
waste heat back to the melting chamber by regenera- 
tion, the highest theoretical overall thermal efficiency 
of all available open hearth fuels, the next highest being 
tar or oil. The use of mixed gas has certain handicaps, 
such as loss of gas on reversal and the necessity of pro- 
viding extra water-cooling; to offset these there are 
advantages which may result in cooler and less rapidly 
corroded end walls and downtake zones, slower plug- 
ging and easier cleaning of checkers. In general, a fur- 
nace having certain features specifically designed for 
mixed gas, seems potentially capable of an efficiency 
comparing favorably with that of tar or oil. 

Practical experience with mixed gas is largely in con- 
tradiction, and it is quite probable that some “dynamic” 
limitation to heat transfer or reaction rate will enter, 
and restrict actual performance. Even so, those condi- 
ditions which favor maximum efficiency of mixed gas 
may promote its more effective utilization; the problem 
may become important if economic shifts tend to place 
a premium on the use of mixed gas as fuel. 

The indication that the theoretical limit of efficiency 
of premixed coke oven and blast furnace gas is higher 
than that of oil stresses the desirability of experiments 
at shops where blast furnace gas is available. In order 
even to approach within reasonable distance of this 
limit, however, the furnace design must be suitable, 
with deep regenerators, proper air-gas division of re- 
generator space, and provision for drawing a large pro- 
portion of outgoing gases through the. gas checkers. 
Otherwise, such experiments are likely to be incon- 
clusive. 

The combination in which only the blast furnace gas 
is preheated, while the coke oven or natural gas is in- 
jected at the ports, has only one advantage over the 
premixed fuel, namely, that of being more nearly adapt- 
ed to use in older furnaces designed originally for pro- 
ducer gas. In all other respects, the premixed gas has 
the advantage in that it gives higher thermal efficiency, 
better and easier flame development and cooler end and 
checker zones. This is still true even though the non- 
premixed combination carries less blast furnace gas, for 
instance 40 to 50 per cent instead of 65 per cent. The 
thermal data tend to confirm the suspicion that, if only 
the blast furnace gas is preheated, there may be diffi- 
culty in obtaining sufficiently rapid flame development 
to transfer the high-temperature heat to the bath in the 
short period of traverse through the melting chamber. 

By enrichment of producer gas with around 10 per 
cent of coke oven gas, it appears possible to realize an 
appreciable increase in thermal efficiency as well as to 
lower the temperature of end and checker zones. This 
enriched gas seems fairly well adapted to many older 
furnaces designed for producer gas, except that to real- 
ize most of the potential gain, the regenerators should 
be quite deep and efficient, with damper control capable 
of leading a larger proportion of outgoing gases through 
the gas chambers. 

The results also seem to explain some confusing ele- 
ments in past experience with regeneration in open 
hearth practice. For example, Dyrrsen and others have 
concluded that the efficiency of regeneration is sharply 
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limited by the fact that much more heat is carried out 
in products of combustion than can possibly be reab- 
sorbed and carried back into the melting chamber by 
the air or air plus fuel to be preheated; or, in other words 
that what we have called the “efficiency limit” (Ez) is 
low. Two factors may be responsible for this point of 
view: (1) It arose in large part from experience on pro- 
ducer gas for which Ey is naturally low, being around 
65 to 70 per cent even in a tight furnace system; (2) the 
presence of large air leakage in most earlier furnaces, 
(as much as 40 to 50 per cent of all the air often leaked 
in between and into the hot ends of the two regenerative 
zones), so that Ey was often as low as 35-40 per cent. 
In such cases, even small regenerators 6 to 10 ft deep 
will give 30-35 per cent net efficiency, or a high per- 
centage of the maximum obtainable, and larger, deeper 
regenerators can give only a small improvement. Even 
shallow checkerwork tends to overheat in such a fur- 
nace, and this tendency will be somewhat greater with 
deeper chambers, so that attempts to improve efficiency 
with greater surface area and volume of checkerwork 
will inevitably be unprofitable where this efficiency 
limit is low. 

In a well designed furnace system with sealed cham- 
ber walls, draft control, insulation, etc., the leakage can 
be reduced to the point where Ey may be 65-70 per 
cent for producer gas and 70-75 per cent for oil or mixed 
oil and gas. A given improvement in regenerator design 
(by deepening the chambers, increasing heating surface 
area, two-pass design, etc.) can now increase the net 
efficiency, yet the maximum temperature of top checker 
brick is low enough even with deep checkerwork to 
permit effective cleaning. In other words, the type of 
fuel, the total air leakage, and the practicability of deep 
regenerators, which can be effectively cleaned and have 
low replacement or rebuilding costs, are all closely inter- 
related. 

Calculations indicate that for producer gas the ideal 
gas-air division of checkers should be about 25:75 in- 
stead of the more common 40:60 ratio. At present the 
gas chamber is usually not utilized effectively, whereas 
the air chamber tends to be overloaded. When such a 
furnace is put on oil or tar near the end of a campaign, 
the reasonably clean, efficient gas chamber may now be 
utilized for air preheat and the furnace will give reason- 
ably good regeneration for a short period. In general, 
many present furnaces have regenerators adequate for 
producer gas. On oil or similar fuels, although the mini- 
mizing of air leakage is of first importance, once the fur- 
nace system is maintained tight with low leakage, then 
extra deep regenerators, (preferably two-pass to utilize 
their volume better, and 18 to 20 ft in checkerwork 
depth), can give something like 10 per cent more useful 
heat from the fuel, with faster melting due to the larger 
heat storage in the regenerative zone. 

In concluding this summary, the limitations of this 
treatment of the problem should be emphasized to avoid 
possible misunderstanding, especially on the part of the 
open hearth operator. We recognize that there are many 
fuel problems of immediate practical importance to the 
operator and fuel engineer, to the solution of which 
this discussion offers little help. Most of these immedi- 
ate problems, (such as design and adjustment of burners, 
fuel-air proportioning methods, control of air leakage, 
port end design, ete.), are such that little can be con- 
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tributed by calculation or by laboratory experiment. 
On the other hand, certain longer range problems of 
choice and allocation of steel plant fuels are potentially 
of great importance, and although even these must 
depend largely on plant development, any partial solu- 
tion or added understanding which can be contributed 
by calculation from available data would justify this 
study. As long as fuel oil is available and moderately 
cheap, its practical advantages are great. But if changed 
conditions should place a premium on the best employ- 
ment of blast furnace, coke oven and producer gases, it 
will be important to know how to use each most effec- 
tively. The data indicate, for example, possibilities in 
burning enriched producer gas or coke oven and blast 
furnace gas mixtures, provided that certain practical 
conditions are met. The extent to which it is practicable 
to realize these conditions and approach the potential 
limits of fuel efficiency, can only be determined by actual 
plant development work 


ANALYSIS OF THE PROBLEM 


The general ideas underlying our evaluation of open 
hearth fuels have been outlined in a recent book “‘Basic 
Open Hearth Steelmaking,’ American Institute of Min- 
ing and Metallurgical Engineers, NewYork,(1944).Chap- 
ter XIV, pp. 404-445. They are: (1) the concepts of maxi- 
mum theoretical flame temperature and of a “critical 
temperature level’; (2) a method for calculating an 
approximate value of the amount of “high temperature 
heat” available above this critical temperature level 
for various conditions of regenerator efficiency and of 
excess air and “air leakage.”’ This high temperature 
heat includes not only that which goes into the steel and 
slag, but also all that available, above the critical tem- 
perature level, to offset loss by radiation and conduction 
in hearth and end zones above downtakes. These con- 
cepts help to obviate complications due to variation in 
operating rate, kind of charge, degree of insulation of 
furnace, etc., and to reduce the problem to its purely 
thermal or fuel engineering apects. 

Our main purpose is to derive some basis for answer- 
ing questions such as: (a) to what extent does regener- 
ator efficiency vary with the fuel, and what is the maxi- 
mum potential efficiency of the various fuels?; (b) what 
are the thermal and chemical limitations, as well as 
those arising from furnace design, when a mixed gas 
containing blast furnace gas or other special fuel is used? 

It should be repeated that many problems of com- 
bustion and design are not included, also that unavoid- 
able assumptions and approximations introduce some 
uncertainty into the accuracy of the results. We believe, 
however, that the relative effects of certain variables are 
reasonably accurate, and that our results may serve 
as an initial basis for improvement and as a reasonable 
approach to the consideration of mixed gases as open 
hearth fuel. 

The open hearth fuel problem includes both a “‘static”’ 
and a “dynamic” aspect. The former includes the 
amount of heat available within given temperature 
limits in each of the several zones in the furnace system 
for variation in fuel or in regenerator efficiency. The 
dynamic aspect covers the rate of gas flow and of heat 
transfer in various parts of the structure, the mixing 
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and combustion in the flame, etc. While it is obvious 
that both aspects are significant, the whole problem is 
too large to swallow at one gulp; hence, our treatment is 
limited largely to the static phase. Once the static limi- 
tations are understood, it is easier to learn whether a 
given fuel efficiency or rate of furnace driving is unsatis- 
factory because of one or more of the rate factors 
involved. The same is true for any complex industrial 
chemical process. We need first to know the amount of 
heat and of materials, and the equilibrium conditions, 
involved in the reactions; we then know what to expect, 
and if results do not measure up we begin to look for 
factors which operate to limit the results in practice. 


CHARACTERISTICS OF VARIOUS FUELS 
AND MIXTURES 


Economic conditions in Germany after the World 
War I led to an intensive study of the most efficient use 
of fuels, such as producer gas from cheap coal or mix- 
tures of coke oven and blast furnace gas, from which 
there came some significant advances, as attested by the 
fact that recent improvements in British practice have 
in large measure developed from these investigations. 
The United States has had cheaper fuel but higher labor 
cost, also a greater variety of available fuels, so that 
conditions differ in many respects. Without going into 
economic questions, it certainly seems possible that in 
certain districts in this country it may be advantageous 
to make the steel works independent of fuel purchased 
outside, such as natural gas, oil, or coal other than for 
coke. This brings up the possible use of mixed coke oven 
and blast furnace gas, which is used exclusively in some 
of the more efficient British open hearth shops. Com- 
pared to Britain, we have richer ore and so produce rela- 
tively less fuel in the form of blast furnace gas. But 
recent improvements in design of soaking pits, reheat- 
ing and other furnaces have also tended to lessen total 
fuel consumption, and it is timely to reconsider the 
question of the most effective way to use excess blast 
furnace gas. 


Studies on producer gas have shown the advantage of 
using in the producer a minimum amount of steam, the 
exact amount depending on the moisture in the coal and 
the clinkering temperature of its ash. They have also 
indicated that it is not advantageous to preheat this gas 
too hot in the open hearth regenerator, in spite of the 
small theoretical advantage that more heat is returned 
to the system by the hotter fuel. This gas, as it leaves 
the producer, is not in chemical equilibrium, since it 
contains hydrocarbons along with residual COg and 
water vapor which at high temperature react to form CO 
and hydrogen. In the open hearth chamber, heat trans- 
fer must be rapid in the short period of passage of the 
flame gases, and a luminous flame contributes materially 
to rapid transfer. COg and H2O radiate heat, but the 
presence of particles of solid carbon in the flame is a 
large factor in effective transfer by radiation. Producer 
gas normally contains about enough (but none too 
much) hydrocarbons and suspended carbon to produce 
a fairly luminous flame. At temperatures up to approxi- 
mately 1850 F, the tar and hydrocarbons break down 
only in part to solid carbon and hydrogen and so retain 
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their radiating effect in the hearth zone. At higher tem- 
peratures, especially above 2000 F, however, the reac- 
tion of carbon particles or methane with COg and HegO 
becomes rapid, with loss of flame brilliance, which indi- 
cates the desirability of directing the outgoing gases to 
the air checker to such an extent as to limit the preheat 
temperature of the producer gas to 1850-1950 F. 


With mixed coke oven and blast furnace gas (and the 
same chemical effects occur in mixed natural and blast 
furnace gas, when premixed and preheated), an opposite 
effect seems desirable. In such cases it is theoretically 
possible to mix sufficient of the gas of high hydrocarbon 
content to react with nearly all the COg and H,O 
present, and yet leave sufficient excess hydrocarbon to 
develop a luminous flame. Even after cooling the gases 
so as to remove as much water vapor as feasible, we 
still have a large amount of COzg and H2O which it is 
desirable to eliminate, also an abundance of hydro- 
carbon from the coke oven or natural gas; therefore, in 
this case it is desirable, instead of trying to suppress the 
reaction of carbon with the COeg and H,O, rather to pro- 
mote this reaction by preheating the mixed gases to 
2000 F or higher. Aside from the probable advantage in 
flame radiation in the melting chamber, such a pre- 
heated mixture has the advantage that these reactions 
absorb considerable heat, thereby increasing the total 
heating value of the fuel by as much as 10 per cent or 
more. Also, if such premixed gases are passed through 
the regenerators, the total capacity of absorbing sensible 
heat through both checkers is also increased. With pre- 
mixture of either coke oven or natural gas with blast 
furnace gas, both effects combine to increase the pro- 
portion of the total heat leaving the melting chamber 
which can be returned to it by regeneration, as well as to 
change the relative proportion of outgoing gases which 
should flow to the gas and air regenerators. 

Straight producer gas can also be enriched by admix- 
ture of 5 to 10 per cent of coke oven or natural gas. 
The problem then becomes much the same as for the 
above mixed gases, in that it becomes desirable to pre- 
heat the enriched mixture to a high temperature and 
thereby to increase the possible net efficiency, as is 
shown later. 

With all mixed fuels, the question of whether to pre- 
mix and preheat is also related to furnace design, in that 
it involves the relative fraction of outgoing gases which 
can be desirably directed to air or gas checkers, the 
arrangement of ports and dampers, and the relative 
areas of gas and air checkers. 


FURNACE AND REGENERATOR EFFICIENCY 


It is desirable to review the concept of the thermal 
efficiency of a fuel in the open hearth. First is the idea of 
“useful heat.” If we define this as the heat actually put 
into the steel and slag, we get into complications, such 
as mode of operation, type of charge, insulation of struc- 
ture, etc., which are not part of the essential fuel prob- 
lem. Consequently, we employ as a measure of thermal 
efficiency, the more useful idea of “high temperature 
heat,” this being the heat at a temperature high enough 
to be usefully available to the whole melting chamber 
and end zones of the furnace. To simplify matters, we 
divide the furnace system into: (1) a high temperature 
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Figure 1 — Schematic diagram of section through open 
hearth, showing three temperature zones as set up for 
this discussion. 








zone bounded by the tops of the downtakes, including 
melting chamber and port ends; (2) a pair of regenera- 
tive zones, bounded by the top of the downtakes and 
the air entrance to the flue at each end of the furnace, 
including downtakes, slag pockets, checker chambers 
and that part of the flues leading out of these chambers 
as far as the point of air entrance; and (3) a stack zone, 
including stack or waste heat boiler and flue zones be- 
tween stack and air inlets (see Figure 1). This scheme is 
logical and fairly precise except that the division be- 
tween the high temperature and the regenerative zones 
is somewhat indefinite. 

This procedure involves the concept of a “critical 
temperature level”’ which over a cycle of one heat must 
be the average temperature of the waste gases as they 
leave the high temperature zone and enter one of the 
regenerative zones. The fraction of the total heat input 
from fuel which we call the “high temperature”’ or use- 
ful heat is that which is delivered to the high tempera- 
ture zone at any “intensity” or temperature above this 
critical temperature level. More specifically, it is the 
heat which can be dissipated to various parts of the 
high temperature zone beyond the sensible heat in the 
products of combustion at the temperatures at which 
they leave this zone (at points a, a in Figure 1), the 
mean value of these temperatures being our “critical 
temperature level.” This level is not an exact mathe- 
matical concept and is somewhat variable from furnace 
to furnace, but is is useful and fairly well defined by the 
nature of the steelmaking process. With an extraordi- 
narily slow melting of pure iron with no slag in a well 
insulated chamber, the mean critical temperature could 
be as low as 1900 F; but since in the open hearth, we 
have rapid melting entirely from above, the top surface 
of the charge is molten for most of the melting period; 
this alone raises the mean level to 2600-2800 F, while 
during the finishing period with slag over the metal the 
outgoing gases approach the end zones at around 
2900-3000 F. From actual open hearth heat balances we 
estimate the critical temperature in practice to be be- 
twcea 2800 and 2900 F, and use 2860 F in the present 
dis*ussion. 

To simplify the treatment and because of limited 
data, we introduce another approximation to compen- 
sate for the heat lost from the regenerative zones out of 
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the system by conduction through the furnace walls, 
(chiefly in the downtake and slag pocket zones). This 
assumption is that the gases leaving the high tempera- 
ture zone at an average of 2860 F enter the regenerative 
zone at an average temperature of 2600 F, the margin 
of 260 degrees being an approximate measure of the 
heat lost out through the walls of the regenerative zone 
by conduction and radiation instead of being either 
transferred to the incoming gases by regeneration or 
discharged into the stack zone. A few such approxima- 
tions are unavoidable in the treatment of a complicated 
thermal system such as the open hearth but really do 
not substantially lessen the usefulness of the calcula- 
tions. Since we are concerned with a comparison of the 
relative capacity of various fuels to produce “high tem- 
perature heat” (above our assumed critical level of 
2860 F) we also should hold constant the percentage of 
excess air and of air leakage, variables which influence 
greatly the relative proportion of high temperature heat. 
In practice it is not possible to operate without some 
excess air and leakage. With less than 5-10 per cent 
excess air it is usually not possible to obtain complete 
combustion in the melting chamber; air leakage can be 
kept down by insulation, by tightening the furnace 
structure in general, and by proper draft control, but it 
also cannot be eliminated entirely. In the following com- 
parisons we always assume 10 per cent excess air and 
15 per cent air leakage, both based upon the theoretical 
amount of air required for combustion; that is, for an 
amount of any fuel which requires 100 lb air for com- 
plete combustion we assume that there will be the 
equivalent of 110 lb air outgoing in the products of 
combustion as they leave the high temperature zone, 
and that 15 lb of this leaked into the structure in the 
high temperature zone. 


In practice, the bath reactions liberate carbon from 
the bath and COg from limestone and thus contribute 
some extra weight to the outgoing gases. This is partly 
counteracted because the incoming oxygen oxidizes 
some portion of the iron, carbon, silicon, manganese and 
phosphorus. To simplify, we omit all these bath effects 
from the calculation. Their net effect is small, except in 
high hot metal practice; in any case, they would not 
much affect the relative conditions as between the 
several fuels. 


The fuels should preferably be compared on the basis 
of a constant rate of input of “high temperature heat.” 
This rate has only a small effect on thermal efficiency, 
yet it does have some effect because of the variable 
volume, hence of rate of gas flow which affects regener- 
ator efficiency. We therefore compare fuels on the basis 
of a constant rate of input of high temperature heat of 
about 17 million Btu per hour into a 50-ton furnace unit. 


With these several assumptions we are left with only 
two independent variables: (1) type of fuel; and (2) 
depth of checkerwork. Using an electrical analogue 
(K. Heindlhofer and B. M. Larsen, “An Electrical 
Analogue of the Flow of Heat in a Regenerator Sys- 
tem,” American Institute of Mining and Metallurgical 
Engineers, Technical Publication No. 1798, October 
1944) as a calculating machine to measure regenerator 
efficiency, we can estimate quantities, such as those 
listed below, for any combination of fuel and checker- 
work depth, remembering always that these are static 
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ralues, valid for comparison only on the basis that 

certain rate factors are held constant: 

1. Percentage of heat input from fuel available to the 
“hearth zone”’ above our assumed critical tempera- 
ture of 2860 F; 

Preheat temperature of air or gas, and temperature 
of outgoing products of combustion at the air inlets; 
Approximate maximum temperature of brickwork in 
regenerative zones; 

Volume of gaseous products per unit of high tem- 
perature heat; 

Efficiency limit (E,) of the perfect regenerator. 


PREMIXED, PREHEATED BLAST FURNACE 
COKE OVEN GAS 


We treat this fuel in some detail as an example of the 
methods of calculation, the details not given below be- 
ing included in Appendix A. The composition of the two 
gases before mixing is shown below in terms of cubic feet 
of each constituent per 100 cubic feet of dry gas, on the 
basis that each gas has been cooled and dried to a maxi- 
mum of 2.5 per cent water vapor by volume as it reaches 
the mixing station: 


Blast furnace gas 


13.0 


Coke oven gas 











i) 
Peas 


MROBMRHoOND DAD 


0 
54 
0. 
4 
0 
2 


The heat of combustion, or fuel value, of these two 
gases is respectively 504 Btu and 95 Btu per cu ft of wet 
gas. When they are mixed and preheated by passage 
through a regenerator, the following reactions begin to 
occur about 1750 F and proceed with increasing speed 
as the temperature increases: 


CH, + CO, 2 CO 
CH.+H.0—> CO re (2) 
— «© (3) 


With excess of coke oven gas, and sufficient time at 
high temperature, essentially all the COzg and water 
vapor will disappear. A preheat to 2000 F or more 
probably is necessary to enable these reactions to ap- 
proach completion in the short period of travel through 
the regenerative zone, but we can vary the depth of 
checkerwork and the proportion of cutgoing com- 
bustion gases through the gas checker so as to obtain a 
sufficiently high preheat temperature. We therefore 
may assume that the gases react sufficiently to leave 
not more than about 2.0 per cent COg and 0.5 per cent 
H.O in the preheated mixture flowing to the ports. 

Another consideration is the desirability of obtaining 
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in the combustion chamber as luminous a flame as possi- 
ble, which is favored by the presence of heavy hydro- 
carbons or of suspended carbon particles in the gas. 
This makes it necessary to use enough coke oven gas to 
give an appreciable excess of hydrocarbon over that 
required to react with nearly all the CO, and HO 
present. We calculate that after reaction a mixture of 
35 parts by volume coke oven gas and 65 parts of blast 
furnace gas should contain an excess of about 4 per cent 
methane or its equivalent; assuming this to be com- 
pletely decomposed by reaction (3) above, this is equiva- 
lent to an excess of carbon of 0.15 lb per 100 cu ft of 
raw gas mixture. All this excess carbon may not be 
carried up to the ports; we have assumed arbitrarily 
that 14 of it remains deposited on the checker brick sur- 
face to be oxidized and carried out to the stack on the 
next half of the reversal period, 44 reacts with iron oxide 
dust in the checkerwork and comes to the ports as 
CO, and the remaining 14 (or 0.05 Ib) reaches the flame 
zone as suspended carbon. These assumptions are unim- 
portant thermally, being made here merely to indicate 
the possible effects. (Of course, the amount of hydro- 
carbon gas or of suspended carbon particles would be 
important to flame laminousity, but at this point we 
enter the experimental phases of the problem). 

On this basis, 100 cu ft of the 35:65 gas mixture are 
then represented by the following analyses, to show the 
changes in the passage through the regenerator, pro- 
vided only that the regenerator raises the final preheat 
temperature to around 2000F or more; the analyses 
have been simplified to give an approximately equiva- 
lent gas, with HeS and hydrocarbons other than CH, 
eliminated. 


Reacted gas after passage 


Raw Gas through checkers 
mixture, § —--—-——- — —-————- —— ——— 
cu ft Cu ft Vol. % Lb 
co, 8.8 2.5 2.0 0.31 
e's 18.3 34.1 28.0 2.66 
SE) yetae ks. Ce +) cee Be ee ee 
RAS 19.2 45.8 37.6 0.26 
PES 38.9 38.9 31.9 3.03 
= Saaee 2.4 0.6 0.5 0.03 
DC ot.) Sake e. We Geese Et ropa 0.05 
100.0 121.9 100.0 6.34 


As a result of reactions (1), (2) and (3) above, the 
original 100 cu ft has expanded to 122 cu ft (all volumes 
referred to standard temperature and pressure) in its 
passage through the regenerative zone. The raw mix 
had a fuel value of 238 Btu per cu ft, or a total of 23,800 
Btu for 100 cu ft; the reacted gas has a heating value 
of 210 Btu per cu ft or a total of 25,500 Btu for the 
product of the original 100 cu ft of raw mixture, an in- 
crease of 7 per cent in fuel value due to the heat absorp- 
tion in the regenerative zone by the endothermic re- 
actions (1) and (3) above. This represents a transfer of 
heat from the regenerative to the high-temperature 
zone of the furnace in the form of “potential” heat 
stored by chemical reactions which add to the heat 
transferred as “‘sensible’’ heat stored in both gas and air. 

For each 100 cu ft of raw gas mixture the theoretical 
air requirement for perfect combustion is 200 cu ft. 
Assuming 10 per cent excess air, the air equivalent in the 
products of combustion is 220 cu ft of which 190 cu ft 
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pass through the incoming regenerative zone, assuming 
15 per cent air leakage. The products of combustion 
total about 300 cu ft (see Appendix A for details), com- 
prised as follows: 


Products of combustion per 100 cu ft of raw gas mixture 


Normal 
volume, Weight, Per cent by 
Constituent cu ft Ib volume 

Os. o<. 4.1 0.37 1.4 
No. 210.1 16.38 69.6 
co... 38.1 4.67 12.6 
Si 49.7 2.33 16.4 
a ee ee 302.0 23.91 100.0 


Based on an arbitrary input rate equivalent to oil at 
180 gal per hr or a net of 26 million Btu per hour (7200 
Btu per sec), we calculate that the volume of mixed and 
reacted gas which must arrive at the incoming port 
corresponds to 105,000 cu ft of raw gas mixture per hour, 
and we can then determine the corresponding flow of 
air and of mixed gas through incoming checker chambers 
and of products of combustion through outgoing checker 
chambers, also the corresponding heat absorbing capac- 
ity of these gas streams. The heat absorbing capacity of 
100 cu ft of mixed gas per degree F is 3.92 Btu per* and 
of the 190 cu ft of air for combustion is 4.04 Btu per 
degree F. Since these two are so nearly equal, and since 
we probably should favor the gas checker in order to 
obtain a high preheat temperature, we make an equal 
division of gas and air checker capacity; that is, the 
cross-sections of gas and air checkerwork at each end 
are assumed to be equal instead of in the ratio of about 
40:60 commonly used in producer gas furnaces. The heat 
absorbing capacity of the 302 cu ft of products of com- 
bustion (ffom each 100 cu ft of raw mixed gas) is 7.55 
Btu per degree F. 


We now have all the data required to determine the 
regenerator efficiency by means of the electrical ana- 
logue, except the depth of checkerwork and the relative 
proportion of total outgoing gases to be allotted to the 
air and gas checkers. After a few trials we found that, 
with a total jcheckerwork? cross section of 180 sq ft, a 
depth of 20 ft and about 57 per cent of the products of 
combustion diverted to the gas checker, the indicated 
preheat of the mixed gas is 1980 F, which is considered 
high enough to assure the degree of decomposition of 
hydrocarbons and of reduction of COg and HgO assumed 
above. The remaining 43 per cent of outgoing gases pre- 
heat the air to 1660 F. With these data we calculate the 
available high temperature heat, for this mixture of 


*About 1/3 of this is due to heat absorption by the above chemical 
reactions — this “chemical” heat absorption occurs mainly in the 
hotter portion of the regenerative zones, but we assume it to be dis- 
tributed uniformly over the whole regenerator — previous studies 
have shown that such a simplification has relatively little effect on 
regenerator efficiency. 


tThis is somewhat arbitrary checker design; with a more generous 
cross section the depth could be 16-17 ft with about the same effect. 
In any case, such a regenerator is some 20-30 per cent larger than 
those used in nearly all present furnaces. 
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| Fuel value 
| or sp. heat 
Cu ft per hr Temp. range, °F Btu per cu ft Btu per hr 
Reacted mixed gas — potential heat............. ee... 8 Lae es | 210. 26.9 x 10° 
Reacted mixed gas — sensible heat............. 128,000 (1980-60) 0.0211 5.2 x 10° 
Se IE aA nine bed ciundssvertebonses 200,000 (1655-60) 0.0212 6.76 x 10° 
| 38.86 x 10° 
Outgoing gases — sensible heat................ 317,000 (2860-60) 0.0242 21.5 x 10° 
Difierence, net heat available to high tempera- ———-—— 
ESR SA eS SE a a 4 a. ses po terre ees 17.36 x 10° 
Per cent high temperature heat (unreacted mixed 17.36 x 10° x 100 
PR on thes Donal Me tml OF 
NRE Ne st aus sao bee ashceh = nvettds aor 105,000 x 238 70% | 
TABLE Il 
Fraction Temp. Mean Btu .. 


Cu ft of range, sp. ht. per hr, 
per hr total °F 





Outgoing gases — gas checker................... AGA beeen daa’ 
NT Ss ae 
ee el ee pads aensegneeebeee'ed 
25 cele cis Seah G bobbed anderen esedese oust eee 


5 aki hts i a 317000 x 0.57 x (2600-60) x 0.0242 = 11.10 x 10° 
ieKON Soke egseeeee 317000 x 0.43 x (2600-60) x 0.0242 = 
gataneata ri iced + aah 128000 x (2600-60) x 0.0298 = 9.69 x 10° 
ne TEE ee 200000 x (2040-60) x 0.0212 = 


8.38 x 10° 
8.38 x 10° 


9.69 + 8.38 | 
E, = 9-69 + 8.38 _ go 70, 
«= i10 +838 7°" 





35 per cent coke oven and 65 per cent blast furnace 
gases, with 20 ft checker depth, as shown in Table I. 

It should be remembered that this 70 per cent is that 
part of the total heat value of the fuel available not only 
for heating the charge, but also to make up the various 
heat losses in melting chamber and end zones; also, that 
although the net value of 23,800 Btu per 100 cu ft of 
mixed gas is increased to 25,600 Btu at, the ports by 
storage of potential or ‘“‘chemical’’ heat, we must use the 
lower value in computing the percentage of heat input 
which is available to the high temperature_zone of the 
system. 

We also calculate for the above case the so-called 
“efficiency limit’’ Ey, that is, the percentage of the heat 
in the outgoing gases which could be returned if we had 
perfect regenerators, i.e., whose efficiency in heat inter- 
change is 100 per cent. Ey is the total heat absorbing 
capacity of the air and fuel relative to that of the prod- 
ucts of combustion in the respective checkers. (See 
Table II.) 

In the gas checkers, to which 57 per cent of the out- 
going gas is allotted, the products of combustion have 
more heat capacity than the mixed gas, which can there- 
fore be heated to the top regenerative zone temperature 
of 2600 F. In the air checker, which gets only 43 per cent 
of the outgoing gases, the incoming air has the greater 
heat capacity and can absorb all of the 8.38 million Btu 
available in being heated to 2040 F. The high apparent 
value of 0.0298 for the mean specific heat of the mixed 
gas is because we added the “potential” heat absorbing 
capacity by chemical reaction to the true specific heat 
of 0.0211; this is not a true specific heat, but is conveni- 
ent to use in these calculations to represent the total 






heat absorbing capacity. This high value of 93 per cent 
for Ey tells us that this mixed gas is well adapted for a 
regenerative furnace system, the efficiency being much 
higher than that for producer gas, also higher than that 
obtainable with oil or coke oven gas. 

We may now make a similar computation using a 
checker depth of 12 ft, a size about average for a large 
number of present furnaces, most other factors such as 
checker area, brick setting, excess air and leakage re- 
maining the same as above for the 20 ft checker depth; 
but in order to be truly comparable, i.e., with the same 
rate of driving, we must again have about 17 million 
Btu of high-temperature heat per hour. To get this with 
less efficient regeneration it is obviously necessary to 
increase the rate of fuel input; by successive approxi- 
mations we find that this rate must be increased from 
105,000 to 125,000 cu ft per hour of raw gas mixture. 
But to be really comparable, we also must have the 
same preheat of nearly 2000 F in the gas mixture at the 
ports; and this makes it necessary to change from a 
50:50 to a 70:30 division of gas-air checker areas also, to 
divert 75 per cent instead of 55 per cent of the outgoing 
gases to the gas checkers. With these conditions we find 
that 57 per cent’of the heat is available to the high tem- 
perature zone. This comparison demonstrates the great 
advantage of efficient regeneration with mixed gas. 
The smaller checkers sacrifice 19 per cent of the net fuel 
efficiency, and increase the diversion of outgoing gas 
to gas checkers to an impracticably high level. Summar- 
izing, such calculations tell us quite a few significant 
things. Somewhat over 1 part of coke oven to 2 parts of 
blast furnace gas is needed to reduce most of the COz 
and HO present and yet leave excess carbon or tar for 
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a luminous flame; but these reactions increase the heat 








absorbing power of the mixture in the gas checker by 
about 50 per cent. Both factors tend to produce high 
temperature heat more efficiently and to give cooler 
regenerative zones; it would seem advisable therefore 
on such fuel to design a furnace with some 25 per cent or 
more of increased regenerator capacity, as compared to 
many present newer furnaces, so as to preheat the gas 
to around 2000 F or higher. With such regenerators, 
divided equally between gas and air at each end, at 
least 50 per cent, and possibly more, of the outgoing 
gases must go to the gas checker system. This in turn 
indicates the desirability of a furnace design favorable 
to such a gas flow, such as sliding damper control in 
flues, for example, to make it possible to divert enough 
of the outgoing gas to the gas checkers and at the same 
time maintain such slopes and cross-sections in inlet 
gas ports as to give proper flame direction. If excess air 
can be kept to 10 per cent and air leakage to 15 per cent, 
then about 70 per cent of the heating value of the fuel is 
potentially available to the high temperature zone, if 
large regenerators are used. These results are to be 
regarded as relative rather than absolute; nevertheless 
they are useful and significant in comparing various fuels. 


THERMAL CALCULATIONS FOR OTHER FUELS 


By methods analogous to those used for the treat- 
ment of premixed blast furnace and coke oven gas fuel 
above, similar calculations were made for the following 
fuels: 

Producer gas. 

Producer gas enriched with 10 per cent coke oven gas 

— premixed, 

Natural gas-blast furnace gas, premixed. 

Coke oven gas-blast furnace gas, not premixed. 

Coke oven gas. 

Blast furnace gas. 


Oil. 


PRODUCER GAS 


We assume a producer gas of the following composi- 
tion, entering the bottom regenerative zones at 1200 F: 











TABLE Ill 





nN OD —— MRI IE 5a civic vn nas oes oc nine ose ovieceiess 


ee i i uleaisne Was Adios ev due his aamines 
oe ee ti ce net Guo sulen dod ag os awit eee 


et el be ckratnketp ase uae Seu eeen «see 
Outgoing gases — sensible heat... ............... cece cece cece eee 


High temperature heat = 


Net heat available to high temperature zone......................-. 





17.6 x 10° x 100 
- 195000 x 180 





C.H,— 0.8% 
CO — 24.8% 
H, — 9.7% 
CH, — 3.1% 
N, —53.7° 

H,O — 3.3% 


The net fuel value of this gas is 156 Btu per cu ft, the 
sensible heat is 24 Btu, making a total thermal value 
of 180 Btu per cu ft. 


As noted above, it is probably not advantageous to 
preheat producer gas above about 1850-1900 F because, 
at higher temperatures, there is too much tendency 
toward a loss of radiating power of the flame, because 
the limited amounts of tar and hydrocarbons then tend 
to be oxidized by the COe and HO present. Heat storage 
in the gas checker is therefore limited since the gas 
enters at 1200 F and should only be preheated to 1850 
F. Assuming the moderate checker depth of 12 ft for 
the first case, we calculated that only 25 per cent of the 
outgoing gases would be needed to give this gas pre- 
heat, so the division of gas to air checker cross-section 
was made 30:70 instead of the more usual division of 
40:60 in gas producer furnaces. 


These conditions being set, the gas preheat was de- 
termined to be 1870 F and the air preheat 1900 
F. In order to obtain 17 million Btu high temperature 
heat per hour, the gas input must be 195,000 cu ft per 
hour. The net efficiency or percentage of high tempera- 
ture heat is then 50 per cent. (See Table ITT.) 


For the comparable case with deep checkers, it seemed 
useless to increase the depth of the gas checker, since it 
was already very efficient; so we calculated for a case 
with the same 12 ft depth of gas checker but with the 
air checker deepened to 20 ft. The gas input can then 
be reduced to 173,000 cu ft per hr (as compared to 
105,000 cu ft per hr for the mixed gas fuel with deep 
checkers) and the percentage of high temperature or 
available heat increased to only 55.2 per cent compared 
to 70 per cent for the mixed gases with deep checkers. 
The limiting regeneration efficiency with perfect regen- 
erators, or E, = 70 per cent as compared to 93 per cent 
for the mixed gases. 


Thus straight producer gas is a lower grade fuel than 
properly preheated mixed gas and is potentially less 





Fuel value 


Cu ft Temp. range or sp. ht., Btu 
per hr a Btu per per hr 
cu ft 





a 195000 x 156 = 30.5 x 10° 
eben 4: "°""""495000 x (1870-60) x 0.021 = 7.4x 10° 


RENE SOR OL 231000 x (1800-60) x 0.0212 = 9.0x 10° 
ie Ak see . 46.9 x 10° 
"430000 x (2860-60) x 0.0243 = 29.3 x 10° 

17.6 x 10° 


= 50.1% 
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efficient; it depends less upon efficient regeneration than 
mixed gas, and’is less well adapted to a regenerative 
furnace because of the poor heat storing capacity of the 
hot producer gas. In a producer gas furnace with ordi- 
nary checker depth we already tend to need a diversion 
of about 75 per cent of outgoing gases to the air checkers 
by damper settings and the air checker consequently 
tends to run hot, that is, periods occur when the driving 
rate of the furnace is limited by the high peak tempera- 
ture in the air chamber. With a deepened air checker 
only, there is only a small increase in thermal efficiency 
with slightly higher peak temperature; deepening the 
gas checker also gives even smaller additional increase 
in fuel efficiency, and we would have to “‘crowd”’ still 
more of the gases to the air checker so that the peak 
temperature of the latter would be still higher. This 
question of the peak checker brick temperature with 
different fuels is discussed later. 

With mixed coke oven-blast furnace gas, a moderate 
checker depth makes it desirable to divert most of the 
outgoing gases to the gas chamber, (much more diffi- 
cult than diversion to the air chamber because of re- 
stricted gas port areas) in order to preheat the gas high 
enough for the desired reaction with COe and HO. 
With deep checkers, we need only about half, or a little 
more, of the gases to the gas checker; we get higher air 
preheat and a higher thermal efficiency, yet there is no 
tendency for the peak temperature in either chamber to 
run too high because both gas and air have a high ca- 
pacity for heat absorption, which is reflected in the high 
Ex value of nearly 93 per cent. With straight producer 
gas, Ey is only around 65-70 per cent; this does not 
mean that efficient regeneration is not of some value 
even with producer gas, but simply that it is much less 
valuable than with certain other fuels, especially with 
premixed coke oven and blast furnace gas. 


ENRICHED PRODUCER GAS 


It seems possible to increase the efficiency of pro- 
ducer gas by admixture of about 10 per cent by volume 
of coke oven gas, (4-5 per cent of natural gas might also 
be used for the same purpose) preheating the mixture 
to approximately 2000 F or more, and thereby reducing 
part of the COg and HO to give at the ports a mixed 
gas similar to a preheated coke oven and blast furnace 





gas mixture. Starting with the same producer gas as 
above, and “simplifying” the analysis of the coke oven 
gas, we have the following change for 100 cu ft of raw 
gas mixture passing through the regenerative zone, 
making the same assumptions as in the previous dis- 
cussion of mixed gas: 





Raw mix, Reacted gas, 
cu ft cu ft 
Rs Sines Soe. sha’, 4.3 2.5 
aS gist ee 22.6 29.8 
a aes 13.8 31.5 
RU ee ae yaaa: tale BAe 
hss Nea aly 3 48.6 48.6 
SRE Rs 3.2 0. 
et PELE E ES, Mn al Eee 1.0 (solid) ** 
Mk eher he dekes wan 100.0 113.0 


**The 1.0 per cent of carbon in the reacted gas at the ports is solid 
carbon, expressed here as the volume it would have if in vapor form. 


Thus, 100 cu ft of raw mix of 191 Btu per cu ft heat- 
ing value expands to 113 cu ft of reacted gas with 174 
Btu per cu ft heating value at the ports, an increase of 
about 3 per cent. Enrichment by addition of 10 per 
cent coke oven gas increases the possible heat interchange 
in the gas checkers in three ways: (1) the heat absorbing 
reactions produce the same increase in heat absorbing 
capacity as if the true specific heat of the gases had 
been increased from 0.023 to 0.036 Btu per cu ft; (2) the 
mixture enters the regenerative zones at about 1100 F 
instead of 1200 F; (3) there is now, instead of an objec- 
tion to heating the straight producer gas above 1850 F, 
an advantage in heating the enriched mixture to 2000 F 
or higher to obtain the desired reactions in the regener- 
ative zones. 


We calculated examples for this mixture, using a gas- 
air checker division of 40:60 as is common in producer 
gas furnaces. With 140,000 cu ft per hrinput of raw gas 
mixture and 12 ft checker depth, we get a thermal effi- 
ciency of 55.6 per cent as compared to 50.1 per cent for 
the producer gas alone; but it would be necessary to 
divert 55-60 per cent of the outgoing gases to the gas 
checker to approach 2000 F preheat, which would per- 
haps be difficult with the ordinary design of producer 
gas furnace. 


TABLE IV 





ete sk sis csic cds dvewsdiveswcecds 
a oC etek eaeibuheegwabeeavdwes 


er en eo ooh c cidwde'y ew ap eeie wn 


a Et oS ilealedeceeees cs 
ee, re 
Net heat available to high temperature zone. . 




















Fuel value 
Cu ft Temp. or sp. ht. Btu 
per hr range °F Btu per Per hr 
cu ft 
Pe ee es oe eae 141,000 x x 174. = 24.6x10° 
PRE oS he a oe 141,000 x (1995-60) x 0.0211= 5.76x 10° 
5 Ia EAN ee ee oer 182,000 x (1975-60) x 0.0212= 7.40 x 10° 
KRiticcs Diao $ die uN pe dios alk eee bes akinb a on ieee aaa 37.76 x 10° 
pubictcihls sc occ oe adees 314,000 x (2860-60) x 0.0242 = 21.26 x 10° 
De aed beard a EES Se avo week ....16.5 x 10° 
16.5 x 10° x 100 2 
125,000 x 212 62.3% 
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TABLE V 





Coke oven-blast furnace gas mix — potential heat................. 
Blast furnace gas — sensible heat........................... oe 
ee ce o cagl wie vse se eceWed Senge eects 


EES ee pee ee Beste cise 
Outgoing gases — sensible heat.......... Ls 


Net available high temperature heat........... 0.2.2... .. 600.0 - eee 


High temperature heat = 


If the checker depth were 20 ft, the comparable input 
becomes 125,000 cu ft per hr of raw gas mix, and it 
would be necessary to divert only about 45 per cent of 
the outgoing gases to the gas checker; under these con- 
ditions the calculated thermal efficiency was 62 per cent 
as compared to about 55 per cent for straight producer 
gas with deep checkers. The calculation is given in 
Table IV. 

The value of 212 Btu per cu ft is the heating value of 
raw mix plus sensible heat in the 90 per cent of producer 
gas. For this case E, = 78.2 per cent, as compared to 
about 70 per cent for straight producer gas. Thus the 
indications are that this enriched gas should give an 
appreciably higher thermal efficiency than straight pro- 
ducer gas, mainly because it is better adapted to take 
advantage of a furnace design with deep efficient 
regenerators; an important practical advantage is the 
relative reduction in volume of outgoing gases from 
430,000 to 314,000 cu ft. 


PREMIXED NATURAL AND BLAST FURNACE GAS 


This case is very similar to premixed coke oven-blast 
furnace gas; but because this mixture might be used 
experimentally to study mixed gas fuel if coke oven gas 
were not readily available, it seemed desirable to go 
through the calculation. Taking blast furnace gas of the 
same composition as before, and the following natural 
gas composition 


co, — 0.3%, 
C,H, — 18.3% 
CH, — 80.6, 
N, — 0.8% 


we find that a mixture of 14 per cent natural gas with 
86 per cent blast furnace gas suffices to react with the 
COz and H,O present, and leaves some excess carbon as 
before. Composition of the raw mixture and the reacted 
gas mixture follows: 
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17.01 x 10° x 100 


Fuel value 
Temp. or sp.ht., 
Cuft range, Btu per Btu 
per hr a cu ft per hr 
Vai dards acta ote 121,000 x 238 = 28.80 x 10° 
be caddis ee Ree 78,700 x (2410-60) x 0.0226 = 4.18 x 10° 
LYASE ETS kee FOOL 243,000 x (1970-60) x 0.0212 = 9.83 x 10° 
42.81 x 10° 


_. 379,000 x (2860-60) x 0.0243 = 25.80 x 10° 


ved svedwebksu.ent .17.01 x 10 


28.8 x 10° “oan 

Raw mixture, Reacted gas, 

cu ft cu ft 

co... 10.9 2.5 
C.H, 2.5 
CH,.. 11.6 
N, 49.8 49.5 
H,.. 1.4 34.0 
co 21.7 42.4 
H.0 2.1 0.6 
ae 0.07 Ib) 
Totul. . 100.0 129.0 


Here 100 cu ft of raw mix at 235 Btu per cu ft heating 
value increase to 129 cu ft reacted gas at the ports with 
196 Btu per cu ft; an increase from 23,500 to 25,300 Btu 
per 100 cu ft raw mix, or about 7.7 per cent. With 20 ft 
deep checkers, a 60:40 gas-air checker division, 60 per 
cent of the products to the gas checker being required 
to heat the gas mixture to about 2000 F, and 108,000 
cu ft per hr raw gas input, we find Ey to be 94 per cent 
and the indicated high temperature heat or efficiency 
66 per cent. Compared to the coke oven-blast furnace 
mix, the efficiency appears slightly lower, the need for 
heat in the gas chamber somewhat greater, so that in 
general this mixture is even more dependent on large, 
efficient regenerators for best performance when pre- 
mixed and preheated. 


COKE OVEN-BLAST FURNACE GAS, 
NOT PREMIXED 


These two gases can perhaps also be used without 
premixing by preheating only the blast furnace gas and 
injecting coke oven gas (or natural gas) into the port 
and zone of the melting chamber. For this case we 
assumed the same 65 per cent blast furnace — 35 per 
cent coke oven gas mixture as before, with 20 ft checker 
depth, a 40:60 gas-air division at each end, and outgoing 


/ 


gases divided 14 to the gas checkers and 2% to the air 
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checkers, with an input rate of 121,000 cu ft per hr total 
of the two gases. This gave the results for available high 
temperature heat set forth in Table V. 

Corresponding figure for premixed coke oven-blast 
furnace gas was 70 per cent, the difference being due to 
the heat-storing capacity of the added coke oven gas as 
sensible heat plus that of the heat absorbing reactions 
(between COz and H2O and the hydrocarbons) as po- 
tential heat. 

A similar calculation assuming 12 ft checker depth 
and}an input 137,000 cu ft per hr gave a high temperature 
heat percentage of 53 per cent. The gain in efficiency 
here from deep checkers is less than with the premixed 
gases; but since in practice the main difficulty in using 
this fuel without premixing may well be that of obtain- 
ing quick enough mixing and flame development in the 
port end zone, the lower input rate possible with deeper 
checkers might be of practical importance. 

In such a comparison between the same gases with 
and without premixing these “‘static”’ values tell only 
part of the story. This is true for any fuel, but especially 
here where with cold coke oven gas injected in or near 
the flame zone, the rate of mixing and burning may 
become of predominant importance. The “static” data 
tell us that while with such a practice the possible 
thermal efficiency is lower than with the premixed 
gases, yet we should obtain reasonably good results, 
given efficient regenerators, low leakage and low excess 
air. The attainment of this indicated efficiency de- 
pends, however, upon getting such rapid mixing, flame 
development and heat transfer in the melting chamber 
that the critical temperature of the gases leaving the 
zone at the downtakes will be down to the assumed 
mean of 2860 F. Blast furnace gas alone does not give a 
high flame temperature; its flame lacks brilliance and is 
dilute in the sense of available heat per unit volume. 
Injected coke oven gas perhaps lends some brightness 
and radiating power, but on the other hand its tendency 
as_it first mixes with the blast furnace gas is to absorb 
some heat due to its reaction with COe and HO; this 
may delay the development of maximum flame in- 
tensity so that there would be insufficient time for trans- 
fer of enough heat to the bath. Thus, we might have an 
average gas temperature at the outgoing downtake 
considerably above the assumed mean “critical tem- 
perature” of 2860 F. This higher temperature, along 
with lowered thermal efficiency and slower rate of input 


of high temperature heat, would increase the tendency 
toward excessive port end temperatures, perhaps to the 
extent of forcing a decrease in rate of fuel input, which 
would still further decrease the input of heat available 
for the bath. Substituting natural gas for coke oven gas 
in this case leaves the “static” factors essentially the 
same, the only difference being that natural gas injected 
at the ports should lend more luminosity to the mix- 
ture. 

Such secondary effects, or other limitations caused 
by rate effects in general, might be present with any 
fuel; as mentioned above, this means that the present 
treatment of the problem cannot be complete. How- 
ever, if we know the possible results with a given fuel 
under certain assumed conditions, and check up on 
leakage, furnace design and excess air, indicated as 
necessary by the “static” treatment, we can then begin 
to look for “dynamic” limitations to account for a poor 
result in any given case; we thus have a logical method 
of study of complex fuel problems. 


STRAIGHT COKE OVEN GAS 


Preliminary calculations for the above coke oven- 
blast furnace gas, not premixed, but with the percent- 
age of coke oven gas increased to 50-60 per cent, indi- 
cate an efficiency only slightly higher than for the 35- 
65 per cent mixture. This further enrichment decreases 
the amount of COe and accompanying nitrogen, also 
the sensible heat carried back because of the smaller 
volume of blast furnace gas. This is clearer in the limit- 
ing case of 100 per cent coke oven gas. With 20 ft 
checker depth and ali the checker cross-section at each 
end devoted to air preheat, the calculation for a fuel 
input of 51,500 cu ft per hr straight coke oven gas is 
summarized in Table VI. 

This indicated efficiency is but little above the value 
59.0 per cent for the 35:65 coke oven-blast furnace mix- 
ture (not premixed), indicating that the proportion of 
coke oven gas should not be critical within the range of 
30-60 per cent when the gases are not premixed except 
as it may affect the ease of mixture and of flame develop- 
ment. 


STRAIGHT BLAST FURNACE GAS 


Going to the other extreme of straight blast furnace 
































TABLE VI 
Fuel value 
Cu ft Temp. or sp. ht., Btu 
per hr range, °F Btu per cu ft per hr 
I ge a hs i oe te ee ed ke bd adeeb emgar 51,500 x x 504 = 26.0 x 10° 
in el eas arta DEL a acaba dl, Gare o-vigo Wiene'd okie Kain 4.8 o a ho aren 231,000 x (2215-60) x 0.0212 = 10.55 x 10° 
Ee RR CN eR a Re Oe ln ge aid PAC e RONEN boo bn pad dan 0 ova SwdMee Etats ais web keds hkalendveesa 36.55 x 10° 
ee a Fe Bons OS ole oro da dw Rees vdeo LK Caos MeSscens ......305,000 x (2860-60) x 0.0239 = 20.40 x10° 
ch Or ER ae ee i Pe aN atl. cg CEG Sloe des 46 ee bce is de ee RS ea 16.15 x10, 
_ 16.15 x 100 


High temperature or available heat 
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TABLE VI! 








Blast furnace gas — potential heat 
Blast furnace gas — sensible heat... 
Air — sensible heat................ 


NS re ere ; 
Outgoing gases — sensible heat... .. 


Net high temperature heat............ 





TABLE VIII 


Fuel value 











Cu ft Temp. or sp. ht., Btu 

perhr range °F Btu percuft per hr 
nee 300,000 x x 95.0 = 28.5 x 10° 
ats ately A 300,000 x (2200-60) x 0.0227 = 14.57 x 10° 
_...200,500 x (2125-60) x 0.0212 = 8.77 x 10° 
pie. > a ue aie ee Seen ood 4 GE 51.84 x 10° 
S clic ei os Asa dee ns SRE 491,500 x (2860-60) x 0.0249 = 34.30 x 10° 
as de tad uo dh kaes wae ec aoe .. .17.54 x 10° 


17.54 x 100 


High temperature heat a 61.6% 































Temp. Fuel value 


Gals or 








Fuel oil — potential heat... . . 


Total input...... 








gas, we have a fuel which almost certainly will not make 
steel; yet it is interesting to indicate the probable 
reasons for this by comparable calculations. Since its 
heating value is less than 100 Btu per cu ft, we can fore- 
see that it must have a high input rate and very efficient 
regenerators. Starting with the case of 20 ft checker 
depth and an input of 273,000 cu ft per hr (compared to 
105,000 cu ft per hr of premixed coke oven-blast fur- 
nace gas) the indicated thermal efficiency is 52.5 per 
cent, only a little below that for producer gas at this 
checkerwork depth. However, the high temperature 
heat was only 13.6 million Btu per hr, considerably 
below our assumed standard rate of 17 million. Increas- 
ing the checker depth to the impracticable level of 40 ft, 
and the input to 300,000 cu ft per hr we obtain the 
desired rate of high temperature heat development as 
shown in Table VII. 

This shows that with a very high input rate and 
extremely efficient regenerators, blast furnace gas could 
make steel, if certain heat transfer rates could be real- 
ized. The checker chambers would have to be so big as 
to be almost hopelessly impracticable; but assuming 
we could build such regenerators, they would return the 
large percentage of heat carried by the large volume of 
combustion gases out of the high temperature zone so 
effectively that high temperature heat would be pro- 
duced at a rate comparable to other fuels. The difficulty 
then would be that the gases, because of their enormous 
volume would pour through the melting chamber too 
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te nn ke oc oh auiaccly o tbcwdebetesd cc ktendoercsteoues 
Outgoing gases — sensible heat... ..... 1 ade b Nhea cu cdetileea bial dds weacede 


High temperature heat = 





cu ft range, pergalorsp. Btu 
per hr °F ht. per cu ft per hr 
cone 190 x 140,000 = 26.6 x 10° 
.... .251,000 x (2200-60) x 0.0212 = 11.4x 10° 
«a: hemiahedal aida © dbo Gin Gp ite 0.6 0 hed dt ecb 6 ost unatnneen ne 38.0 x 10° 
. 306,000 x (2860-60) x 0.0244 = 20.9 x 10° 





Perr OF 8. 


17.1 x 100 


6 > 48% 





fast to transmit this high temperature heat fast enough 
(from an almost transparent, poorly radiating flame), 
and on leaving the high temperature zone would not be 
cooled down to a comparable critical temperature level, 
and as a result the bath would be too cold and the port 
end and downtake zones probably melted down by 
excessive temperature. 


FUEL OIL 


Fuel oil and tar would be expected to have about the 
same thermal value as coke oven gas. Each is a concen- 
trated fuel which is not preheated; the only obvious 
difference is that the coke oven gas flame radiates rela- 
tively poorly and is lighter so it cannot be directed and 
impinged down over the slag so effectively. Calculation 
shows, however, that oil is somewhat more efficient 
thermally. 

For oil or tar assumed to be 90 per cent carbon and 
10 per cent hydrogen, and an assumed heat value of 
140,000 Btu per gal with a 20 ft checker depth, and an in- 
put rate of 190 gal per hr, we have results as shown in 
Table VIII. 

This value of 64 per cent compares with 62 per cent 
for coke oven gas and 70 per cent for premixed coke 
oven and blast furnace gas. A similar calculation for 
12 ft checkers and 21¢ gal per hr oil input gave a value 
of 57 per cent. 
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TABLE IX 


COMPARISON OF CALCULATED EFFICIENCY OF SEVERAL FUELS 


Premixed coke oven and blast furnace gas.......................... 
oe SORETEE GINS DUNNE TUIIOD GB gn ccc lcvececteecccceees 
Producer gas plus 10 per cent coke oven gas, premixed.............. 
Fe ea en ie a ey a ee aaah 9p b9 00 0% 
Coke oven and blast furnace gas, not premixed..................... 
Eo  0 oss CaM alee Giraet F.7 own pic oie eeleWIe ean vieianss Fe 
iG. s be, oastuuka sy Getidas cenpsle don biades vdue ae #aesl 





Per cent high temperature 
or available heat 


Mean temperature of out- 
going gases at air inlets 





Depth of checkers, ft 











20 | 12 | 20 | 12 
AL Ea | 70 57 770 ~3=6©| ~—-1140 
Onan 66 i a is 
aivath 64 57 1090 «=| ~S—s«1340 
Oh 62 Sh mn 4a 

62 56 | 170 | 1355 
fends 59 53 | 1130 | 1320 
She 55 50 1360 | 1525 
pate 53 i Mee Fe ae 














COMPARATIVE FUEL EFFICIENCIES 


Table IX summarizes the “available heat” values 
calculated for the various fuels discussed above. The 
indicated mean temperature of the waste gases leaving 
the regenerative zone is included to show that this tem- 
perature is not directly related to the thermal efficiency. 
For a constant top temperature of the gases entering 
the regenerative zone, the temperature of the gas leav- 
ing this zone does vary inversely with the regeneration 
efficiency. It also shows some trend upward with de- 
creasing efficiency of the whole system (that is, the per- 
centage of “‘available heat’), but there is no definite 
relationship because the volume of outgoing gas for 
a given amount of high temperature heat differs both 
for different fuels and for varying percentage of excess 
air with the same fuel. This is indicated clearly by the 
fact that blast furnace gas, with the lowest overall effi- 
ciency, gives a low waste gas temperature, but its 
volume is much larger than for any of the other fuels. 


The difference between columns 2 and 3 expresses the 
gain in available heat corresponding to an increase of 
regenerator size from about the average of present fur- 
naces to 20-30 per cent larger than those of most modern 
furnaces. This gain varies from about 5 per cent for pro- 
ducer gas to 7 per cent for fuel oil and to nearly 13 per 
cent for premixed coke oven-blast furnace gas, showing 
that the potential gain in efficiency from extra deep 
efficient regenerators is not the same for all fuels. 


With moderate size regenerators, the indicated effi- 
ciency of fuel oil and premixed coke oven and blast 
furnace gas is the same; but with very efficient regener- 
ators, it appears that the mixed gas would be appreci- 
ably more efficient than fuel oil or tar. There seems to be 
no substantiation of this conclusion from data on exist- 
ing mixed-gas furnaces, as far as is known to us; in fact, 
the best fuel records to date seem to have been made on 
oil furnaces. This may be due in part to improper design 
and inadequate regenerators, inadequate insulation and 
control equipment on existing mixed-gas furnaces; also 
certain “dynamic” factors, such as the rate of heat 
transfer from flame to bath probably operate in favor of 
tar or oil. Nevertheless, a furnace designed properly for 
mixed-gas fuel, with adequate regenerators, good 
insulation, minimum excess air and leakage, and rapid 
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flame development and control, might well have a 
reasonably high efficiency. 

Enriched producer gas and coke oven gas come next 
below fuel oil (and tar) and appear to be about equal. 
We suspect that enriched producer gas would give a 
better radiating and heavier flame with more kinetic 
energy to help it to sweep down close to the bath than 
straight coke oven gas. This would not hold for coke 
oven gas enriched with tar or oil. 

The table indicates that the thermal efficiency of coke 
oven-blast furnace gas, not premixed, is much below 
that of the same gases premixed. If the regenerators are 
adequate in both cases, we feel this difference will hold 
in practice; also that the kinetic effects of flame develop- 
ment and heat transfer are probably more important 
with the gas not premixed, so that the difference would 
be even greater than that indicated by the table. 
Apparently, coke oven and blast furnace gas, not pre- 
mixed, should be more efficient than straight producer 
gas, but this will probably be dependent on getting a 
rapid mixing and flame development as the cold coke 
oven gas is injected into the preheated blast furnace gas 
at the ports. Otherwise, we suspect that the producer 
gas would be definitely superior. The indicated improve- 
ment by enrichment with 10 per cent coke oven gas 
would seem worth careful consideration by shops de- 
signed for the use of producer gas. 

Straight blast furnace gas is the poorest fuel, even 
with a regenerator as large as is practicable, on the basis 
of the “statics” of the problem only. As discussed above, 
limitations of flame development and heat transfer will 
undoubtedly make this fuel even less effective than the 
figures in the table indiate. 


RELATIVE GAS VOLUMES FOR VARIOUS FUELS 


Insight into the dynamic aspect of the general prob- 
lem can be obtained from the relative volume of gases 
involved in the production of a given amount of avail- 
able heat in the hearth zone. If two fuels have the same 
indicated efficiency, or percentage of high temperature 
heat, and one produces a greater volume of waste gases 
per unit of available heat, its flow through the system 
will be faster and therefore it will tend to transfer its 
heat to the bath less effectively, to have a lower actual 
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TABLE X 
RELATIVE VOLUME OF OUTGOING GASES 














Volume of products of combustion 
under standard conditions in cu ft per 











Coke oven — blast furnace gas, premixed.......................... 
Natural — blast furnace gas, premixed.......................0005. 


Producer gas + 10 per cent coke oven gas, premixed................ 
CS tr ee ed Sa a la Se wie baa maw keke 
Coke oven — blast furnace gas, not premixed...................... 
ate BN, Son eine as oe dds «erase ETee Rene bees 
I, he ot ae LS. ci kaa waba wie awe 


efficiency, and therefore either a lower steel producing 
rate or a higher temperature in the end and checker 
zones for the same production rate. 


In Table X we list the volume of outgoing gases per 
million Btu of high temperature heat, for the various 
fuels, listed in the same order of decreasing efficiency as 
in Table IX. This gives another indication of the im- 
portance of efficient regeneration with premixed coke 
oven and blast furnace gas. With ordinary size checkers, 
this fuel has the same indicated efficiency as oil, but 
higher gas volume; whereas, with deep checkers, the 
efficiency is larger for the mixed gas and the gas volume 
about the same as for oil. Presumably then, from these 
static factors alone, the mixed gas would be a poorer 
fuel than oil or tar with average checkers, but some- 
what better with very deep checkers. 


Comparing the mixed gas premixed and not pre- 
mixed, we find a gas volume of 18,200 and 22,300 respec- 
tively, which is one more advantage for premixing that 
will probably make the thermal efficiency difference in 
practice larger than indicated by Table IX. The de- 
crease in “volume-burdening” obtained with the en- 
riched over the straight producer gas should have a 
similar effect. The very large volume with blast furnace 
gas is probably one main reason for its ineffectiveness, 
as discussed above. 


TAB 





million Btu high temperature heat 

20 ft checkers | 12 ft checkers 
EEE Pet aye. hae | 18,200 22,200 
SSS cock eas ohreeee 19,800 pores 
ss dis catnaitaie chase keane 17,900 19,700 
Sasa al un Pan, dem neee | 19,000 21,300 
ERO LE OE | 18,300 21,000 
De ae oa he eh eae | 22,300 24,600 
PAOLA PREGOR 22,200 24,400 
PRT ae IE * | 33,000 <a Wek ec 





RELATIVE PEAK CHECKER TEMPERATURES 
FOR VARIOUS FUELS 


In Table XI are listed values of relative peak brick 
temperature in the regenerative zone. Although some 
such temperature may well occur at certain points in 
the hotter portions of checkerwork, these values have 
no absolute significance; they are intended only to show 
the relative tendency toward overheating of top checker 
brick or downtake walls at comparable rates of burden- 
ing of the various fuels. They thus give some further 
insight into the advantage of various fuels with respect 
to hard driving, ease of checker cleaning, port end 
maintenance, etc. The peak temperature in gas checkers 
is lower for premixed blast furnace gas combinations 
than for the same fuels not premixed. All values are 
lower for premixed gases than for oil or coke oven gas. 
The levels in air checkers will be lower with the enriched 
than with straight producer gas. 


DIVISION OF CHECKER AREA AND GAS FLOW 
WITH VARIOUS FUELS 


In these calculations we have tried to divide the area 


LE XI 


RELATIVE PEAK TEMPERATURES OF BRICK 


Fuel 


| Relative values of maximum brick tempera- 
ature in hot end of regenerative zone 


20 ft checkers 


12 ft checkers 














Coke oven — blast furnace gas, premixed......................... 
— — blast furnace gas, promixed................ cc cece cece 


Producer gas + 10 per cent coke oven gas, premixed................ f 


Coke oven gas. . 


Coke oven — blast furnace gas, not premixed...................... 
ESS Wh, ce dead Oo acle CW dso w sh 34s Lb es vesrssesetehsasueea | 
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Air Gas | Air Gas 

a: A 2160 2320 1860 2380 
per Rea “| 9160 2290 = 
is et 2460 _ ee 
AMIS 5° 2355 2230 2260 | 2325 
2460 2400 | ied 

Ee Oe ae 2350 | 2530 | 2310 | 2480 
Pee heehee, 2520 | 2240 2385 | 2250 
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TABLE Xil 















Fuel 


Per cent of outgoing gases through 
Division of regener- each checker 


ators, per cent of 











Coke oven oo blast furnace gas, I 6 ok ca Braleciend gate Ween sues ae 
Natural — blast furnace gas, premixed............................ 
Oil 


Blast furnace gas 





Producer gas — 10 per cent coke oven gas, premixed................ 
ke to vee ee eeen 
Coke oven — blast furnace gas, not premixed...................... 
ahs Soe ns decng ietiox asa ees oe 2S kath Seeninw's Whe 6 od og es 





perimeter for 20 ft checkers 12 ft checkers 
Air Gas Air | Gas | Aijr Gas 
50 50 45 55 25 75 
40 60 40 fi 






| 

45 | 45 | 55 
| 
| 


60 40 55 

100 100 100 o 
33 

70 30 80 20 75 «| (25 

50 50 38 ie eet 








60 40 67 33 67 








of regenerator cross-section at each end in approximate 
accordance with the relative requirements for preheat 
between gas and air; the relative volumes of outgoing 
gases have also been divided approximately on the same 
basis. The values summarized in Table XII are not in- 
tended to be exactly the best in practice, but are good 
enough approximations to illustrate certain trends in 
furnaces properly designed for the several fuels. 

In this respect those which are not preheated (oil, tar, 
coke oven gas, natural gas) have the advantage over 
the mixed fuels and producer gas. All the checker capac- 
ity is available for air preheating, and the total cross- 
section in furnace ends and downtakes is available for 
outgoing gases so that furnace design is simplified. 

Nearly all the other fuels need divided checkers and 
downtakes, and such gas port design as will give suffi- 
cient direction and velocity to the flame. This last re- 
quirements makes the gas port a bottleneck in the 
system and introduces a contradiction between the 
dimensions needed for ingoing and outgoing gases. If 
the port is restricted enough to properly direct the flame 
it chokes the outgoing flow, so that either the gas port 
burns out too fast or too little flows out through the 
gas checkers. 

With a furnace on premixed coke oven-blast furnace 
gas and deep checkers, the data indicate that gas and 
air checkers can be made the same size, with probably a 
little more than half the outgoing gases diverted to the 
gas checkers. This will be difficult with ordinary fixed 
port design. If water-cooled ports are used it will be 
necessary to provide sliding ports which move out and 
in upon reversal, also damper control in outgoing flues 
to apportion the gas flow as desired. Probably a better 
design is to use dry ports, with water cooled dampers 
between air and gas downtake (Brooke, J. B. R., Jour. 
I. and S. Inst. (British) 1936, IT, 129-31) which open on 
reversal to by-pass the outgoing port. This allows of 
very little gas passing through the outgoing port so that 
it does not burn out and can be kept in shape without 
water cooling. 

If the regenerators are of average size, the gas 
checkers apparently should be larger than the air 
checkers and should take 70-75 per cent of the outgoing 
gases. Such a design would probably be impractical; 
this again indicates the importance of deep, efficient 
regenerators in a mixed gas furnace. 

Most furnaces using straight producer gas are built 
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with about a 40:60 gas; air checker division, but our 
data indicate that this should be nearer 30:70 for best 
efficiency. With enriched producer gas the 40:60 division 
is correct, with about 45 per cent of the gases to the gas 
checkers if the regenerators are deep and efficient; this 
fuel might therefore be suited to the usual producer gas 
design with fixed ports, though it would be important to 
have damper controls and deep efficient regenerators, 
perhaps also a by-pass arrangement for gas ports. 


With mixed gas, not premixed, with the coke oven 
gas injected at the ports and only the blast furnace gas 
preheated, the usual 40:60 gas: air checker division 
would seem suitable. The gas checker will run hot with 
only 4 of the outgoing gases to gas checkers. This is 
perhaps the one and only advantage of using mixed gas 
without premixing it, i.e., that it could be used on many 
old furnaces; it would give only moderate efficiency and 
probably a rather low producing rate, but might be 
applicable to many existing furnaces, provided the 
problem of rapid mixing and flame development in the 
port ends and of sufficient flame luminosity can be 
solved. 


POSSIBLE PERFORMANCE OF MIXED GAS 


As noted above, the only advantage of using a mix- 
ture containing blast furnace gas, without premixing, is 
that it might be used on older furnaces. With premixed 
gas it seems almost prerequisite that the furnace should 
be designed for this fuel, with extra large deep regener- 
ators, and especially with larger gas checkers, with good 
damper control and some provision for conducting a 
large proportion of outgoing gases through these gas 
checkers. 


In other respects the advantages are entirely with the 
premixed gas. Its theoretical thermal efficiency is much 
higher and it should be simpler to obtain a fairly lumin- 
ous flame; also, the difficulty of poor flame direction 
encountered with straight coke oven gas should be 
much smaller. The data indicate that the performance 
of this fuel in a proper furnace is potentially equal to 
that of tar and oil; in fact, the maximum efficiency of 
mixed gas is the highest of any of the fuels. In practice 
this would be qualified by certain handicaps; on reversal 
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there is inevitably some 3-5 per cent loss of gas trapped 
in the regenerative zone, and more heat would be lost 
by water-cooled ports or by-pass dampers. Also, in 
operation with 30-35 per cent coke oven gas in the mix- 
ture during melting down at maximum fuel input, the 
port design would be such as to give good flame direction 
but without too much velocity or choke at the gas port; 
at certain stages of the heat, however, especially near 
tap, the heat input would have to be reduced materially 
to avoid overheating. This could, of course, be accom- 
plished by cutting down the input rate of both coke oven 
and blast furnace gas, keeping the composition constant 
at what proves to be most efficient; but this method of 
adjustment would involve such a reduction in rate of 
input that proper flame direction might no longer be 
obtained. In practice, therefore, the temptation would 
be to adjust fuel input by reducing only the coke oven 
gas, keeping the rate of blast furnace gas constant. A 
large reduction in high temperature heat input would 
be obtained by this method with only a small reduction 
in total volume, and proper flame direction would be 
more easily maintained. With a convenient damper 
control, the proper thing would then be to divert rela- 
tively more outgoing gases to the air checkers as the pro- 
portion of coke oven gas is reduced, but at best such a 
procedure would give a lower thermal efficiency during 
such periods in the heat. 


In certain other practical aspects the mixed gas has 
an advantage over tar and oil. As indicated above, the 
regenerative and end zone brick temperatures should 
be lower with mixed gas for equal rate of driving, and 
the carryover of dust and fume from the bath to slag 
pockets and checker brick might be less with the less 
concentrated flame zone. Cutting out of end walls and 
downtakes and clogging of checker openings might 
therefore be reduced and cleaning of checker work 
should be easier, so that driving the furnace toward its 
maximum production rates should be at least equally 
practicable. At all events, we can see that from the 
point of view of merely the static limitations, such pre- 
mixed gas in a properly designed furnace is potentially 
capable of results comparing favorably to those with 
tar or oil. 


The larger question of the economic advantage and 
the best overall allocation of by-product fuels in a steel 
works is much more complex, and is affected by engi- 
neering limitations of existing equipment. In this con- 
nection it should be kept in mind that, with respect 
merely to thermal economy, the enriched blast furnace 
gas mixture is peculiarly adapted to regenerative high- 
temperature furnaces. This is, therefore, some argument 
for allocating excess blast furnace gas mainly to the 
open hearth and using the remaining coke oven gas, 
coke breeze, etc., for reheating furnaces and boilers. It 
would be interesting to try to calculate the best overall 
fuel distribution in a plant layout with properly designed 
mixed-gas open hearths, thermally efficient soaking pits, 
reheating furnaces and boilers; the question would be, 
to what extent could such a layout be independent of all 
fuel except blast furnace coke and its by-product gases; 
also, whether it would then be advisable to put less 
emphasis on coke consumption in the blast furnace and 
to produce a larger excess of blast furnace gas. 
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APPENDIX A 


THERMAL DATA AND EXAMPLE OF DETAILED 
CALCULATION 


In these calculations the gases are assumed to be 
ideal, (disregarding the very small deviations present), 
the standard state is taken as 32 F or 492 absolute 
(T — Rankine scale) and one atmosphere pressure 
( = 29.92 in. mercury). In this ideal standard state the 
volume of the molecular weight in pounds of any of the 
gases is 359 cu ft. 


All specific heats were calculated to the mean values 
over the temperature range desired. The heat capacity 
equations below are for the change of mean specific heat 
(Sm) per mole with temperature (T) in degrees F abso- 
lute; they are based on an equation for true specific heat 
(S) of the following form: 


S=a+b X 10°T +c X 10°T*. 


For the temperature range T; to Te 


Su = Taq + bx 10°T + ¢ X 10°T*)dT 
OM Te Ti 
Ti 


k 
or Sm = a+ =x 10°(T, + Ti) + ; x 10° (Te? + TeT) 
+ T;*) 


The constants in this equation in terms of Btu per lb 
of each gas are as given in Table A. 


As an example, we may calculate the mean specific 
heat of 200 cu ft oxygen between 60 F and 2000 F. In 
terms of T° abs. this range becomes 60 + 460 = 520°T 
to 2000 + 460 = 2460°T. Since a lb-mol or 32 lb 0g 
has a volume of 359 cu ft, 200 cu ft of 0e weigh 200/359 
= 17.82 lb. Then 














TABLE A 

———__——— —— —— — — eo — — 

Gas a b/2x10-° | c/3x10" 
O;.. 0.1956 +23.8 —2.475 
ee 0.2250 +18.0 —1.27 
CO... 0.1556 +53.8 —5.78 
H.O. 0.3828 | +50.6 —1.96 
H,.. 3.44 | + 9.16 | +14.35 
co 0.2235 +20.75 | —1.687 











TABLE B 
‘Heat of reaction (70 F) 
Reaction | Btu per Ib-mol of 
Compound 
C (B graphite) +0,—>CO,.... 4-169,700 
C (B graphite) +1/20,->CO. + 47,800 


CO + %40,>C0,........ | +121,900 
H, + 1460,3H.0........ 


CH, + 2 O,->CO, + 2H,0... +345,000 
C.H, + 2 0,->2C0,+ 2H,0... + 577,000 
C,H, + 34 0,->2C0, + 3H,0 + 626,000 
CH, + CO,-»2CO + 2H,..... —106,200 
CH, + H.O->CO-+ 3H,........ | — 88,600 
CH,~>C + 2H:......... | — 32,300 



















































Su = (0.1956 XK 17.82) +[23. X810° x (2460+520) X 17.82] 
-[2.475 X 10° X (24602 +-2460 X 520 +520?) X 17.82] = 
3.485 + 1.263 —0.335 = 4.413 Btu per °F. 


c 


Or, per unit volume, — = 0.022 Btu per cu ft 


The heats of reaction given in Table B are convenient 


TABLE C 


Composition — Volume per cent — dry basis 


to use in fuel calculations; each is a net value with al] 
products remaining in vapor state, and the plus sign 
denotes evolution of heat by the reaction as written. 

For example, 25 cu ft methane reacting with COz¢ to 
form CO and He will absorb 


a5 x 106,200 _ 


7,400 Btu 
359 





Raw Mix cu ft 





Coke oven | 
gas 


35 cu ft 
coke oven 


Coke oven Blast furnace 


gas 
simplified 


as 65 cu ft 
blast furnace 











Nh 
neokoSaw- | 
SOOnraon lh & 








106.5 | 102.5 
* double and add to CH, 











Coke oven gas 


Blast furnace gas 





Heat per 


cu ft Btu 


Heat per 


cu ft Btu 





577,000 
359 


121,900 
359 


345,000 
359 


626,000 
359 
104,000 
359 


5,140 


1,830 


27,580 


1,390 


15,800 


51,740 
= 504 Btu per cu ft 





51740 


121,900 
359 


345,000 
0. 
5 x 359 


26 


104,000 


———— 4 
359 ™ 


9,780 
= 95 Btu per cu ft 











Heat of reaction 





Btu per mol 


Btu absorbed 
per cu ft 





+ CO,->2C0 + 2H, 
+ HO CO + 3H, 
> C + 2H, 


(1) 
(2) 
(3) 


CH, 
CH, 
CH, 





—106,200 
— 88,600 
— 32,300 90 


265 
245 
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sign TABLE F 
n. . —tenpete 
Je to | | Heat 
Cc co, | co | CH, H, N, H,O absorbed 
Ib Btu 
cubic feet | 
in 100 ft? raw mix there is: | | 883 | 1925 | 1238 | 1920 | sees | 2g | 
I ook oe oe, va be o's cdc ede eolsec edu | —6.30 | 12.60 - 2 i. Se Say seers 1865 
Change by reaction (2).................. ee Pee een Bae See 1.80 —1.80 | ae -1.80 443 
= Change by reaction (3).................. | Cee be, DS Scedeeas | —4.28 Pk isn cbaaldesee ae 385 
| (+0.143 ) 2.53 | 32.65 | _- 45.76 38.93 0.61 2693 
vo | 1.43 
was To hearth per 100 cu ft of mixture........ 0.048 a= 45.76 38.93 


O, from 
air required 








Se A ies 
LS REP ee ee eee 
eee 









CE ee ar eer 
Total products, weight, pounds............)............| 


Total Products 





cubic feet 








DETAILED CALCULATIONS FOR PREHEATED 
MIXED BLAST FURNACE-COKE OVEN GAS 









Many of these calculations on the static limitations 
in the burning of this mixed gas in a sort of idealized 
open hearth are not necessarily directly applicable to 
practical open hearth fuel problems, yet the details may 
be of interest in the way of suggesting applications of 
analogous methods to more practical problems. 

The general outline of the treatment of the properties 
of the mixture of 35 per cent coke oven — 65 per cent 
blast furnace gas has been given in the body of the re- 
port. We first assume the typical compositions as given 
in Table C and transform them to the basis of 100 ft* 
of raw mixture before preheating. 

The calorific value of the initial gas mixture, as cal- 
culated from the heat of reaction data in Table B, is 
given in Table D. 

Therefore heat of combustion of raw mixture = 504 
xX 0.35 + 95 X 0.65 = 238 Btu per cu ft. 

We next calculate to what extent each of the reac- 
tions shown in Table E must go to decompose all the 
CH, and yield 2.0 per cent COg and 0.5 per cent HeO 
by volume. 

This last correction is on the assumption that 4 of 
thé 0.143 lb of carbon is oxidized by FeO to CO, 44 re- 
mains as suspended particles, and 4 goes to the boiler. 


i 
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Thus 100 cu ft raw mixture becomes after it has been 
preheated and has reacted: 


Per cent by volume Lb 

Cc Se ary ee 0.048 
co, 2.53 ft® 2.1 0.309 
co 34.08 ft® 28.0 2.650 
H, 45.76 ft® 37.5 0.254 
N, 38.93 ft® 31.9 3.030 
H,O 0.61 ft® 0.5 0.031 

121.91 cu ft 100.0 6.322 


and its products of combustion (per 100 cu ft of raw 
mix) with air containing 20.6 per cent Og, 1.4 per cent 
H.O by volume are as given in Table G. 

The heat capacity (Sm) per lb of the reacted gas be- 
tween 60 and 2000 F (that is for T,; = 500 degrees, 
Te = 2500 degrees approximately) is from the coeffi- 
cients given in Table A. 

We must take into account the heat absorbed by the 
reactions (1), (2), (3) as given in Tables E and F; we 
do this most conveniently by assuming that this heat 
absorption takes places over the same interval 60-2060 
and so regarding it in effect as an added heat capacity 
term whose value is 2693 + 2000 = 1.347 Btu per de- 
gree for 121 cu ft, or 0.011 per cu ft reacted gas per de- 
gree. Thus the total heat capacity of the reacted gas is 
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TABLE H 








co 





FRE SREP es 0.2235 440 | 
when “0623 ‘027 ‘0540 "1520 ‘0714 


-2858 
SE sac arate ks Shale ee are ‘ —.0131 
2727 




















Heat 
capacity 





Cc 0.048 x 0.4 = 
co, 0.309 x 0.2723 = 
co 2.650 x 0.2727 = 
H, 0.254 x 3.578 = 
N, 3.030 x 0.2690 = 
H,O 0.031 x 0.5196 = 


0.0192 
0.0843 
0.7240 
0.9080 
0.8160 
0.0161 








2.5676 for 121.9 cu ft 
0.0211 Btu per cu ft per °F 




















TABLE J 































Weight, Sm 

Ib (Table G) Btu per Ib 
co, 4.64 x 0.3011 = 1.395 
H.0 2.47 x .5708 = 1.410 
oO, 0.37 x .2012 = 0.096 
N, 16.35 x .2847 = 4.660 


Total for 302 cu ft 
= 0.0250 Btu per cu ft per °F between 2600 and 700 F 


7.561 Btu per F 





0.011 + 0.021 (from Table H) or 0.0321 Btu per cu ft 
per degree. 

We likewise need the heat capacity of the gaseous 
products over the range 2600-700 F (that is T; = 3100, 
Te = 1200), this being the assumed temperature range 
in the checkers; because of this difference in range, the 
values differ somewhat from those in Table H; the 
details of the calculation of Sy are omitted from Table J. 

A similar calculation for the range 2860-60 F gives 
the figure 0.0242; and by combination of the data in 
Table H, the heat capacity of air in the range 60-2060 F 
is 0.0212 Btu per cu ft. or 0.797 Btu per lb. 

The calorific value of the reacted gas, from the 
weights given after Table F, is as calculated in 
Table K. 

On the basis of the values just calculated, the esti- 
mated flow rate required to yield 17 x 10-6 Btu per hr 
of high temperature heat is as set forth in Table L. 

The velocities in the last two columns above are cal- 
culated on the basis that 57 per cent of the outgoing 
gases pass through the gas checker, 43 per cent through 
the air checker; that the cross section at each end is 
divided equally between gas and air and the depth is 
20 ft. 

These are the mean linear velocities of gas flow 
through an assumed checker with 73.5 sq ft of free area 
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with the gas under standard conditions. In actual 
checkers the gas is at variable temperature and velocity, 
so it is simpler to convert all heat transfer data to gas 
velocities under standard conditions, and then to cor- 
rect for the mean temperature. We assume that the 
products of combustion enter the checkers at 2600 F 
and leave at about 900 F, so the mean temperature is 
around 1700-1800 F. Mixed gas is assumed to be pre- 
heated to 2000 F and its mean temperature is therefore 
1000-1100 F. We find the following heat transfer coeffi- 
cients, (the coefficient for air depends only on velocity), 
in terms of Btu per sq ft of brick surface exposed to 
gases per hour per degree F temperature difference 
between brick and gas: 








Heat transfer 
coefficient 
Products — air checker................... 4.6 
Air — alr checker................... 2.4 
Products — gas checker................... 5.0 
Mixed gas — gas checker................. 3.0 








This completes the essential thermal data which 
determine the efficiency of preheat in the regenerators. 
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TABLE K 














Pound- Btu per 







mols ib mol Btu 
a (Table B) 
c ~ CO, 0.048 x 169,700 = 678 
12 






11,550 





co Co, 2.65 x 121,900 
28 






H.-> H,O 0.254 x 104,000 = 13,200 
2 nian 
25,428 for 121.9 cu ft 
or = 210 Btu per cu ft per °F, whereas 






that of the raw mix (Table D) 238 


















TABLE L 











Relative Cu ft Cu ft ____Velocity—(ftpersec)in 
volume per hr per sec Gas checker Air checker 


29.2 383 

































2 oe iets, Siliivssek ae 100 105,000 = 
a nse rp nsacaun cutee 121.9 128000 = 3.5 | 7505 7° | a8 
95 per cent of combustion air........................190 200,000 = 55.6 735005 =15 
5x0. 
= Gaseous products................. histndbeuneseuuen 302 317,000 = 88.1 88.10.57 1.4 88.1x0.43 _ 1.0 
73.5x0.5 73.5x0.5 : 


























TABLE M 









































Per cent of temperature range Equivalent 
Average 
as Beginning of End of v 
cycle cycle Average 









Mixed gas after passing checker.......................00 ee eeeee 77.2 74.0 75.6 1980 ; 
































i Gaseous products leaving gas checker.......................005. 29.8 34.0 31.9 870 

. es ic atenli che sacede | oe | — | sm | ie 
S Gaseous products leaving air checker.......................... 23.4 21.4 22.4 630 

a Top courses brickwork — air checker, peak temperature...........)........... ‘ : | ; J x : ‘ Ne oe 89.0 2320 

7 Top courses brickwork — gas checker, peak temperature..........)................ Ae Oe 82.5 2160 

Ss 

We now transform these data into equivalent electrical 

. values of resistance and capacity, and make the corre- | 
‘ sponding calculations for checker efficiency on air and rs) i 4X Cc U s a ¢ 0? N 

) gas using the electrical analogue as the calculating 

. machine. This gives us results (See Table M) in terms of PRESENTED BY 





percentage of the regenerator temperature range, 
which we have assumed to be from 60 F incoming cold 
air temperature to 2600 F, the assumed “equivalent top 
temperature” of hot gases to the regenerative zone; 
(the equivalent F values are also included). 

These data now comprise all the thermal values 
needed for the calculation of “high temperature heat”’ 
given previously in the body of the paper. Similar 
methods were used for calculations on the other fuels, 
being in most cases somewhat simpler than the above 
because reactions occurring in the mixed gas in the ete - 
regenerators were not involved and, in the case of oil J. S. Morris: The point that Mr. Larsen brought 
or coke oven gas, because there are no gas checkers. out very well is the effect the depth of an open hearth 
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checker system has on the efficiencies of the fuel 
burned. The data also give us a good idea as to why 
some plants work better on mixed gas fuels than others, 
simply because the checker volume is divided between 
air chamber and gas chamber more favorably for the 
most efficient preheating of the gas and air. 

A. J. Fisher: Mr. Larsen’s comparisons are very 
interesting. I might say, in connection with fuel oil, 
that we at Sparrows Point have gone into longer 
checker travel than Mr. Larsen has indicated. He 
shows 20 ft travel of checkers. Our maximum depth in 
the two-pass checker system is 17 plus 17, or about 
34 ft. 

The heart of the furnace is in the regenerators, and 
length of travel is very important. On new furnaces, 
when the checkers are clean and efficient, we have de- 
veloped flame temperatures in excess of good refractory 
working conditions. In other words, we have reached 
the refractory limitation and the fuel in the furnace has 
to be reduced because of this refractory limitation. So 
the only thing that can be done in that case is to put in 
an excess amount of air to reduce the temperature of 
the air preheat and to bring it back within range of the 
refractories. The practical limit, therefore, is about 
34 feet travel for oil. 

Going a step farther, you can well imagine that the 
efficiency in the bath is a function of how much heat 
you take out of the flame at the various stages of that 
bath. For instance, if you were able to take all the heat 
out in the first stages or the first part of the flame, the 
furnace, being a heat exchanger, would have its maxi- 
mum efficiency irrespective of the total amount of heat 
put in. If you were able to take no heat out of it above 
the hearth, your efficiency would be zero. What are the 
factors enabling you to get heat out of the flame? The 
factors are carbon radiation. In oil flames, you will find 
that the more free carbon that you can put in the flame, 
the more heat you can radiate in the early stage of the 
flame, thereby increasing the efficiency of the furnace. 

Of recent date, we have received all kinds of fuel oil — 
and we are glad to get them, too, by the way, if and 
when we can — and these various grades that we get 
are anything from kerosene to what we might call 
“heavy” oil. We know that the light oils do not burn 
as well as heavy oils under the same conditions. We 
believe burners could be designed to give the same radi- 
ating effect with light oils as with heavy oils, but inas- 
much as the oils do vary, we hate to take a chance of 
designing for one oil in fear of getting the other. So we 
strike a happy medium. 

A great amount of interest has been shown here 
lately in stabilizing the carbon content of fuel oil by car- 
bon additions in the form of pitch, lampblack or finely 
ground coal, say 325 mesh or finer, even up to the point 
where it is held in colloidal suspension. It seems that 
one of the future problems of the open hearth is to be 
able to make a standard fuel with a fixed carbon content. 

It would be very desirable to stabilize the ordinary 
grades of oil as they come in, say at a pitch value which 
is high in carbon — and, by the way, the people burning 
tar and pitch seem to do better than those burning 
heavy oil, when the burners are designed for pitch. 

We might reflect on another development which is on 
the horizon, that is, supersonic oil atomization, in which 
the oil particles are broken up by high frequency sound 
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waves into their molecular constituents. Oil can be 
‘mixed with any gas — blast furnace gas, coke oven gas 
and so on —and that, apparently, opens up another 
new field for open hearth fuels. 

It is very easy to imagine a fuel like coke oven and 
blast furnace gas being mixed together to give the right 
physical characteristics in the open hearth. We know 
coke oven gas alone is too light and goes up and burns 
the roof, and has no luminosity at all, whereas blast fur- 
nace gas is heavy, has a high specific gravity, and would 
tend to remain on the hearth. If you could mix these 
two fuels in the various physical proportions so they 
would lie along the bath properly, and add the correct 
amount of carbon, an ideal flame would result. There 
are many potential aspects to this open hearth fuel 
problem. 

R. R. Fayles: I would like to point out that the open 
hearth is a metallurgical furnace as well as a fuel-burn- 
ing furnace. While we might try to approach Mr. 
Larsen’s theoretical efficiencies, there are many operat- 
ing problems which make it extremely difficult to burn 
fuel at its peak efficiency. Of course, we use 100 per cent 
cold charge at Lukens, not having hot metal available. 
In our high scrap practice, we find it necessary to run 
fairly long and inefficient flames at times in order to 
combat certain metallurgical conditions that arise with- 
in the bath. 

I was interested in Mr. Fisher’s comments on 34-foot 
checkers. I wondered if he also considers the effective 
regenerative volume, as well as the depth of checkers 
and the length of flame travel. It is generally good prac- 
tice to have two-pass checkers such as he has, but it is 
also necessary to take advantage of the full checker 
width so that “channeling’”’ does not affect the total 
heat transfer. 

B. M. Larsen: Just a couple of items: The 20-ft 
checker depth involved in these tables would really be 
equivalent to a deep two-pass regenerator on the size 
furnace that Mr. Fisher was talking about. With maybe 
an 18 or 20 foot depth, in each pass, it was a checker 
approximately equivalent, probably, to the new Spar- 
rows Point shop, if made with two-pass design to mini- 
mize channeling. 

We did find in various subsidiary calculations a very 
serious effect from channeling. It is interesting to note 
that the effect of channeling is minimized somewhat by 
the fact that the outgoing gases can radiate heat as they 
pass over near the bridge wall. Even though the gases 
do not flow down through the first flues, they can trans- 
fer heat by radiation, so you get some correction of the 
channeling effect. 

I suppose you know that the effect of channeling (as 
we have found in practice in badly designed furnaces) 
is that the outgoing gas tends to smash over toward the 
far end of chamber and the air beneath tends to shoot 
through to the inner end; in an extreme case you would 
not get much heat regeneration at all. Actually we find 
some of that effect in some of the older furnaces and no 
doubt the two-pass design, or anything that will make 
the channeling less, is an important factor in regener- 
ator design. 

We found in some studies on luminosity that the best 
results seem to be obtained with a flame extending over 
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BRENT WILEY 


Association of Iron and Steel Engineers 





T. J. ESS 


Changes Managing Directorship 


Brent Wiley, managing directorjof the 
Association of Iron and Steel }Engineers 
since 1936, has resigned this position, effec- 
tive January 1, 1946. He will continue to 
be identified with the Association as an 
advisory consultant. 

A graduate of Rose Polytechnic Institute 
in electrical engineering, Mr. Wiley first 
worked for Carnegie Steel Company at the 
Ohio and Homestead works. In 1904 he 
went with Wellman-Seaver-Morgan Com- 
pany as electrical engineer, and in 1906be- 
came associated with Westinghouse Elec- 
tric and Manufacturing Company, where 
he spent the next 25 years. With this com- 
pany he was closely allied with the de- 
velopments of electrification in the steel 
industry. 

This industrial background gave Mr. 
Wiley a keen appreciation of the Associa- 
tion’s work in the advancement of engi- 
neering in the steel industry, and enabled 
him to guide the Association in the pur- 
suance of its aims. During the ten years of 
his managing directorship, the Associa- 
tion has developed materially in member- 
ship and strength, and has broadened con- 


siderably in the scope of its activities. 
During this period, the Detroit and Buffalo 
district sections were established, and the 
Rolling Mill Committee of the Association 
was formed. Mr. Wiley was deeply inter- 
ested in establishing and revising standard 
specifications for various items of steel 
plant equipment, in furthering the educa- 
tional work of the Association, and in in- 
creasing its service to the industry. 

To succeed Mr. Wiley as managing di- 
rector, the Board of Directors has elected 
T. J. Ess, who has been connected with the 
Association since 1938. 

Following graduation from Carnegie In- 
stitute of Technology in mechanical engi- 
neering, Mr. Ess spent 15 years with Re- 
public Steel Corporation and its predeces- 
sors, Central Steel Company and Central 
Alloy Steel Company, in maintenance, 
power and combustion work. He then join- 
ed the Association staff in an editorial 
capacity and has more recently assumed 
general supervisory work. He is editor of 
“The Modern Strip Mill’’ and the author 
of many articles in the Iron and Steel En- 
gineer. 
































roluminum Srouze Welding 


IN STEEL PLANT MAINTENANCE 


....@luminum bronze alloys, which have 


proven themselves in parts of equipment sub- 
ject to wear or corrosion, have equally valu- 


able maintenance applications as coated elec- 
trodes for metallic arc, carbon arc and oxy- 


acetylene welding... . 


by F. E. Garriott 


A THE tonnage of steel produced and processed 
through a steel mill, rated against nominal capacity of 
that mill, is indicative of its efficiency. In fact, the suc- 
cess of individual departments and supervision within 
the mill is gauged with reference to output in number 
of tons per day or month. 

The amount of billet, plate or sheet passing through 
the rolling mills is directly proportional to the operating 
time. Due to wartime conditions, mills must operate at 
high rates of speed twenty-four hours per day. Natur- 
ally, the higher the speed of production, the greater 
will be the wear on the component parts of the machin- 
ery and resultant down-time. Any means of increasing 
productive time and reducing down-time in a steel mill 
is desirable because it not only reduces maintenance 
costs but results in a higher yield and increased earn- 
ings to the operating personnel. 

Within recent years, the practice of surfacing machine 
parts subjected to excessive wear, abrasive and corrosive 
action by means of the metallic arc, carbon arc and 
oxyacetylene welding processes has received wide 
acceptance throughout industry. Today, it is common 
practice in the steel industry to design parts of new 
equipment with wear and corrosion resistant alloys on 
the surfaces subjected to excessive abrasion and where 
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DEVELOPMENT MANAGER 
AMPCO METAL, INC. 


MILWAUKEE, WISCONSIN 


adequate lubrication is impossible or difficult to apply 
Heretofore, surfacing of machine parts has been used 
primarily for maintenance applications and in this 
field, it still remains of great importance. 

Maintenance cost is of necessity the main item of 
consideration in selecting the type of weldrod and the 
method of applying wear-resistant surfaces to equip- 
ment parts of any kind. In any machine operation, 
failure of parts means enforced idleness of the machine 
and crew. Repair cost, then, includes not only the cost 
of the new part and replacement costs but also loss of 
productive time while repairs are being made. Often 
loss incurred by idleness of the machine is greater than 
the total repair cost. It is impossible to design and 
construct a machine that will operate continuously 
without repairs, but through the proper selection of 
alloy overlays on wearing parts, the periods of opera- 
tion between repairs can be greatly increased. 

It is usually good practice to resurface parts of 
machinery several times after they have become worn 
in service. Frequently, this may be done at less expense 
than the replacement cost of new parts since the life 
expectancy of many surfaced parts is 5 to 25 times that 
obtained with a new replacement part. Where a part is 
resurfaced several times considerable savings result 
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Figure 1 — Tin plate scrubber rolls, fabricated with grade 3 
electrodes from centrifugal aluminum bronze castings. 


Also, cheaper materials such as low carbon steels, etc. 
may be successfully substituted for more expensive 
alloys when the surface of those lower cost materials is 
overlayed on wearing areas. This results in better 
service at a much lower initial cost. 


ALUMINUM BRONZE ALLOYS 


Aluminum bronze alloys have been used for many 
years in steel mills for dies, guides, slides, screw down 
nuts, bushings, gears, pickling baskets and other equip- 
ment subject to wear or the attack of corrosive media 
where other alloys have failed under severe service 
conditions. 

Aluminum bronzes are copper base alloys containing 
from 5-14 per cent aluminum and up to 5 per cent of 
iron. Some variations also contain additions of nickel 
and manganese. However, the copper-aluminum-iron 
alloys will be the basis for discussion in this paper. 





Figure 2 — Cast steel ram from 125 ton riveting press, over- 
layed with grade 2 aluminum bronze electrodes. 
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In general the outstanding characteristics of the 
aluminum bronzes in comparison to other bronzes are: 


1. Higher tensile strengths (65,000-110,000 psi) 

2. Higher yield strengths (30,000-70,000 psi). 

3. Higher ductility (tensile strength ratios) 

4. Higher impact strengths, enabling the alloys to 
withstand shock loading. 

5. Higher fatigue resistance. 

6. Controllable hardness through a range of from 

115 to 300 Brinell. 

Retention of physical properties at sub-zero tem- 

peratures. 

8. Good retention of properties at elevated tempera- 
tures up to 750 F. 

9. Good bearing qualities. 

10. Corrosion resistance to a wide variety of corrosive 
media. 

11. Response to heat treatment. 

12. Lower weight compared to other bronzes and 
brasses. 

13. Higher strength-weight ratios. 

14. Weldable by most welding processes. 


~ 


The hardness of aluminum bronzes and aluminum 
bronze welding electrode deposits increases directly 
with the increase in the aluminum and iron content of 
the alloy. Aluminum is the primary hardener although 
iron does have a slight hardening effect. However, iron 
additions to the alloy are usually made in order to im- 
prove the grain structure. 


Aluminum bronzes with 9.5 per cent aluminum con- 
tent and less are alpha phase alloys which are soft and 
ductile. They do not respond to heat treatment. As the 
aluminum content increases, the alloys become increas- 
ingly harder and less ductile. These alloys do respond to 
heat treatment due to the development of the harder 
constituents such as delta, beta and eutectoid in vary- 
ing amounts depending upon basic composition and the 
cooling rate through the critical temperature ranges. 


Within recent years, these alloys have been made 
available to welding engineers, designing engineers and 
shop maintenance departments in the form of coated 





Figure 3— Pipe mill arbor shoes, with bearing surfaces 
overlayed with grade 4 aluminum bronze electrodes. 





















CHEMICAL COMPOSITION OF ALUMINUM 
BRONZE ELECTRODE WELD METAL 


TABLE | 






































Silicon Other Elements | 
Grade Aluminum Iron per cent maximum Copper 
per cent per cent maximum per cent, each 
1 7.0— 9.0 0.5 — 1.5 | 1.0 0.6 | Remainder 
2 8.0 — 10.0 0.5 — 5.0 1.0 0.6 Remainder 
3 9.0 — 11.0 3.5 — 6.0 1.0 0.6 Remainder 
4 10.0 — 13.0 3.5 — 6.5 1.0 0.6 Remainder 
5 12.0 — 14.0 4.0 — 6.5 1.0 0.6 | Remainder 
TABLE I! 
AVERAGE ALL WELD METAL PHYSICAL PROPERTIES OF 
ALUMINUM BRONZE ELECTRODES* 

Ultimate Per cent Hardness 

Grade Base material tensile | Yield point Per cent reduction Brinell** 

strength, psi | psi | elong. 2 in. of area | 3000 kg load 

et: Re 91,000 43,000 27.0 | 260 120 
tS os ow dviiu ave acie'dc be ve 77,000 35,000 27.0 27.0 119 
| II, oy 0. 5 5 5 cledincod ao et ceune den 68,000 35,500 21.0 | 23.0 121 
2 | Bot tin latte patie aa 97,000 41,000 19.0 | 21.0 160 
| I os, oes slew a c vise clecminelel 89,000 47,000 15.0 17.0 177 
3 | I ae Bs tvs cantina Ce CaS 101,000 40,000 9.0 | 17.0 200 
| SES cree pee ee 90,500 46,000 4.0 5.0 212 
4 lin. ea» dened a ae Mei 86,000 45,000 | 1.5 | 3.0 250 
SEERA eae 77,000 =| 54,000 1.0 0.0 260 
ee | 73,000 55,000 0.5 | 0.0 300 
| Aluminum Bronze.....................0006% | 80,000 | 69,000 | 0.5 | 0.0 316 








*Metallic arc process 
**Pad weld hardness values 


welding electrodes that are used for metallic are, carbon 
are and oxyacetylene welding applications. 

The unusual combination of desirable properties in- 
herent in aluminum bronze alloy castings, plate, sheet 
and extruded shapes is thus further extended to indus- 
try in the weld deposits produced by these weldrods. 

Until the aluminum bronze electrodes were intro- 
duced, there were no high strength bronze welding elec- 
trodes available with equivalent physical properties for 
welding the high strength brass and bronze cast and 
wrought alloys used industrially for many years. 

Aluminum bronze electrode core wires do not contain 
zine which is, generally, a principal constituent of other 
high strength bronzes or brasses and which volatilizes 
readily in the are. Joint and overlay weld deposits made 
with aluminum bronze electrodes are free from porosity 
and surface pitting and have high strength, high hard- 
ness and good ductility when welding the high-zinc 
copper alloys. 

Five grades of aluminum bronze welding electrodes 
are available for fabrication and maintenance welding 
applications. They vary in alloy composition and, there- 
fore, in physical properties and cover a wide variety of 
service requirements. In Table I, the types are listed 
with reference to average deposit analyses taken from 
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pad welds made on SAE 1020 steel plates following 
accepted Army-Navy test procedures. 

Physical properties of all-weld metal deposits vary 
with the type of base plates used due to dilution from 
the parent metal. In Table II all-weld metal physical 
properties are given for deposits of grade 1 electrodes 
on mild steel (SAE 1020), manganese bronze and a 
matching grade of aluminum bronze plates. The all- 
weld-metal physical properties of the harder grades are 
given in mild steel and matching grades of aluminum 
bronze plates. 

It should be noted that as the aluminum and iron 
contents of the alloy electrode deposits increase, the 
deposit hardness increases proportionately. 


The Grade 1 electrode is generally used as a joining 
electrode since it combines high strength with excellent 
ductility. This type of electrode is outstanding due to 
the fact that it can be used to weld dissimilar metals. 
It will successfully weld steels, copper, bronze, brass, 
cast iron, malleable iron, nickel alloys, high manganese 
steels, etc. This electrode can also be used for overlays 
where a comparatively soft deposit is sufficient for the 
service required. 

The other four grades are recommended, generally, 


IRON AND STEEL ENGINEER, DECEMBER, 1945 











fo 


re 


ar 
sil 


of 


te! 
for 
ap 
pa 
ing 


tio 
clu 
ant 
pre 
qui 


Figt 


Figt 





IRON 





ws 


5 








for overlay work for more severe wear and corrosion 
resistance service. 

In most welding applications, the use of the metallic 
are process is to be preferred and used wherever possible 
since it is the most economical and most rapid method 
of applying weld deposits. 


WEAR RESISTANT QUALITIES 


The harder grades of aluminum bronzes are used ex- 
tensively in place of hardened tool steel and cast iron 
for drawing and forming dies especially where improved 
appearance of the product is desirable. These alloys are 
particularly applicable for use in the drawing and form- 
ing of stainless steel sheet products. 

The success of aluminum bronzes in these die applica- 
tions is due to a combination of desirable properties in- 
cluding high hardness, good wear resistance, unusual 
antifriction characteristics and resistance to high com- 
pressive loads. Dies made from these alloys often re- 
quire less frequent redressing than do steel dies for the 








Figure 5 — Overhead crane rail repaired with grade 1 alu- 
minum bronze electrodes. 


ae 


Figure 6 — Stainless steel parts drawn over aluminum 
bronze dies. 
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Figure 4— Bronze bushing and mild steel flange welded 
with grade 1 aluminum bronze electrodes. 


same service because there is no tendency to “load” 
which results in galling. 

Aluminum bronze electrodes are used for repair weld- 
ing of these dies as well as the surfacing of new steel 
dies and the reclamation of worn steel and cast iron dies. 
Grade 1 is generally used for spot repairing of cracks in 
hardened tool steel dies while Grade 4 is the type of 
electrode recommended in overlaying large stee! dies for 
drawing stainless steel. 

Cast bronze guides have been used in steel strip mills 
for many years since a dissimilar metal is required to 
avoid scratching of the sheets and pick-up of the guide 
material onto the steel sheet. 

In the past, these guides have been resurfaced with 
phosphor bronze or other soft bronze deposits applied 
by means of the carbon are welding method. The resur- 
faced guides on the outlet side of a continuous cold re- 
duction mill producing at the rate of 800 fpm of .0625 in. 
and lighter sheets have a service life of from four to 
eight hours. 

This guide service life has actually been increased 
from an average of six hours to twenty-four hours by 
using metallic are overlay deposits of aluminum bronze 
electrodes of the grade 5 type due to increased deposit 
hardness and wear resisting properties. 

Arbor shoes in pipe mills wear rapidly and require fre- 
quent redressing. Overlays on the bearing surfaces with 
grade 4, aluminum bronze electrodes actually give better 
service than the original casting. 


HIGH STRENGTH WELDED JOINTS 


Grade 1 aluminum bronze electrodes have been used 
extensively to arc weld joints in overhead crane rails. 
Joints in new rails are welded in order to obtain a con- 
tinuous smooth surface without joint openings. Joint 
openings are objectionable because they cause flat spots 
and rail misalignment, which result in undue wear and 
maintenance on the equipment operating over the rail 
as well as the rails themselves. 

For overlaying worn rail ends, the grade 3 aluminum 
bronze electrode is recommended since the higher hard- 
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Figure 7— Aluminum bronze pickling basket fabricated 
by welding. 


ness values obtained in the weld deposit resists wear 
more readily than the softer grade which is primarily 
recommended for joint welds in metals difficult to weld. 


CORROSION RESISTANCE 


Corrosion is a problem in any steel mill. Hundreds of 
thousands of dollars are lost annually in industry due to 
the effect of corrosion upon metals and through the 
improper selection of materials for specific applications. 
Aluminum bronzes effectively resist the corrosion of a 
wide variety of corrosive media outstanding among 
which are sulphuric acid pickling solutions. 

Pickling baskets fabricated by welding have given 
excellent service in sulphuric acid solutions. Broken 
pickling stems and various other worn parts in this type 
of service have been repaired and builtup with grade 3 
aluminum bronze electrodes. 

Other steel mill applications for aluminum bronze 
electrodes are the building up of gear teeth, up-set 
machine wedges, slipper segments, wear strips, copper 
conductor bars, hanger yokes, bushings, hairpin hooks, 
slides in nail and bolt heading machines, hydraulic ram 
heads, etc. 

Aluminum bronze electrodes, due to an unusual com- 
bination of inherent properties, including high tensile 
strength, hot ductility, wear and impact resistance, con- 
trollable hardness, corrosion resistance, etc. open up 
new fields of welding to the welding engineer. Mainte- 
nance engineers and superintendents will find many 
applications in the repair welding of plant equipment 
where aluminum bronze electrodes will produce results 
never attained before with other types of electrodes. 

The iron and steel industry is only one of the major 
industries where aluminum bronze and aluminum 
bronze welding electrodes are playing an outstanding 
role in the solution of maintenance and production 
problems today. There are just as many or more applica- 
tions for these alloys in other industries, such as auto- 
motive, shipbuilding, machine tool, coal mining, sugar, 
excavating, utilities, railroads, etc. 
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THE Hlash Welding oF STEEL 





....tmprovements in flash 








welding have 


been particularly striking .... this paper 
sets forth the principles of flash welding and 
illustrates their applications to modern pro- 


duction problems... . 





A KNOWLEDGE of the metallurgical and electrical 
principles involved in the flash welding of steels has 
grown rapidly in recent years, particularly in the field 
of alloy steels. Hand in hand with this technical advance 
have appeared many new industrial applications of flash 
welded parts. Highly stressed assemblies, made from 
high strength alloy steels, are fabricated by the flash 
welding process; steels of widely different chemical com- 
positions are welded together for certain uses; intricate 
parts of many shapes are joined by this method, with a 
saving in cost of forging, drawing, or machining. The 
problems of warfare have given an added impetus to the 
flash welding art, an impetus that should carry it well 
into the field of peacetime pursuits. 

In this paper a few of the numerous applications of 
flash welding will be described, together with some of 
the metallurgical problems encountered in making 
these applications successful. 


THE PROCESS 
First let us consider the flash welding process itself. 


This process is one of the types which comes under the 
general head of electrical resistance welding. In flash 
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welding, the two parts to be welded are rigidly clamped 
in pairs of conducting dies, one pair of which is con- 
nected to a stationary, the other to a movable, platen. 
With the current on, the two pieces to be welded are 
brought together by advancing the movable platen. 
When slight contact is made, the current flowing from 
one piece to the other causes a heating action at the 
butting faces. This current is carried by a number of 
small contacts between the two pieces. These small con- 
tacts, or bridges are rapidly heated to incandescence, 
become molten, and are blown from the butting faces 
in a shower of sparks because of the strong magnetic field 
surrounding the welder. The movable platen continues 
to move toward the stationary platen, and the series of 
small molten bridges continues to blow out. This is 
called the “flashing period,” during which time the 
butting pieces are being brought to the welding heat. 
When the pieces, by virtue of the flashing action, are 
deemed to be at the proper temperature, the movable 
platen is suddenly accelerated, and the two pieces are 
butted together under high pressure. This forging action, 
or upset, completes the weld. Naturally that portion 
which has been upset increases in section due to forging. 
The two pieces being welded are backed up, so that the 
dies do not have to take all the upset force. Theoretically 
all molten metal, slag and oxides present on the flashing 
surfaces just prior to upset are extruded into the flash 
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Figure 1— Hydraulic butt-flash welder with vertical 
hydraulic clamping fixture. 


or upset material, providing a sound weld of a composi- 
tion close to that of the welded pieces. As there is no 
filler metal and no cast nugget, as in are or spot welding, 
it is possible, again theoretically, to obtain a weld 
which, after proper heat treatment, has the same pro- 
erties as the parent material. 


Figure 2— Photomacrograph and Vickers hardness plot 
across a flash weld in 1 in. diameter low carbon, cold 
rolled steel. Specimen etched in 4 per cent nital. Hard- 
ness values plotted across the center of section. 
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In Figure 1 is shown a flash welding machine of the 
hydraulic type, with all parts designated. 


GENERAL METALLURGICAL CONSIDERATIONS 


Since the pieces are heated during flashing, and since 
this heat is localized between the dies, there is always a 
temperature gradient existing from the highly heated 
flashing surfaces back to the cold dies. This gradient 
gives rise to a succession of metallurgical changes. In 
Figure 2 is seen a photomacrograph of a flash weld in 
low carbon cold rolled steel, together with its Vickers 
hardness plot. The weld, heat affected zone, and upset 
material can be easily seen. 

These three parts of the welded piece are within the 
area which was heated during welding to temperatures 
above the lower critical point. These are soft in cold 
rolled steel because the effects of cold rolling have been 
obliterated by transformation and _ recrystallization. 
Between the heat affected zone and the parent metal, 
there is a zone increasing in hardness as one goes further 
from the weld, until the parent metal hardness is reach- 
ed. This zone is that in which the temperature was be- 
low the lower critical but was high enough to cause 
recrystallization and relief of cold work. 


A weld in this material would not be heat treated 
after welding. Not only is the change in hardness not 
great, but any heat treatment applied would only serve 
to soften the parent metal. The hardness plot of a flash 
welded low carbon hot rolled steel would be even more 
uniform than that in cold rolled steel, since the only 
difference would be in a lower hardness of the parent 
metal of the former. No heat treatment, then, is neces- 
sary for flash welds in low carbon steel, unless for certain 
effects, such as a uniform grain size. 

In contrast, consider Figures 3 and 4, which are photo- 
macrographs and hardness plots of two alloy steels. In 
Figure 3 is shown a weld in a 1 in. diameter chromium- 
nickel-molybdenum steel bar of about .30 per cent 
carbon; in Figure 4 a weld in a 1 in. diameter SAE 2315 
steel bar (31% per cent nickel, .15 per cent carbon). Both 
welds are characterized by the following: 

1. The heat affected zone is of a distinctly different 
structure than the parent metal, and has different 
appearing zones within itself. 

2. The hardness of the heat affected zone is higher than 
that of the parent metal. 

3. The weld line is lighter in color than the areas on 
either side, due to the loss of carbon at the surfaces 
during flashing. 

4. The hardness of the weld line is lower than that of 
the areas on either side, again due to the lower carbon 
content of the weld line. 

These steels are air-hardening, the first (Cr-Ni-Mo) 
markedly so, because of its higher carbon content and 
its chromium and molybdenum content and the second 
moderately so, because of its lower carbon content. This 
is reflected in the hardness plots. Because of the heat 
conductivity of the copper dies and that of the cold 
steel back of the heat affected zones, these welds cooled 
at a much faster rate than if they had received a simple 
air cool. 

In alloy steel flash welds, as well as in hardenable 
carbon steel welds, then, if one wishes to have uni- 
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Figure 3— Photomacrograph and Vickers hardness plot 
across a flash weld in 1 in. diameter chromium-nickel- 
molybdenum steel as welded. Specimen etched with 
4 per cent nital. Hardness values plotted across the 
center of section. A 


Figure 4— Photomacrograph and Vickers hardness plot 
across a flash weld in 1 in. diameter SAE 2315 steel. 
Specimen etched with 4 per cent nital. Hardness values 
plotted across the center of section. > 


formity of hardness and properties, it is desirable to heat 
treat after welding. In Figure 5 is shown a photomacro- 
graph and hardness plot of a weld in the aforementioned 
Cr-Ni-Mo steel after an oil quench from 1550 F and a 
temper at 800 F. Note the uniformity of the micro- 
structure and hardness plot. Diffusion of carbon has 
obliterated the slight dip in hardness at the weld line. 
As a matter of fact, the only thing that distinguishes 
this weld from a piece of heat treated parent material is 
the fiber direction in the upset portion of the weld, and 
a slight indication of the weld line. 

There are some applications of flash welded alloy 
steel parts in which the assemblies are used in the as 
welded state. In general, with the proper welding 
schedule, parts which are heat treated to a tensile 
strength of less than 150,000 psi before welding and 
tested in the as welded condition develop as much 
strength as the original parent metal. Beyond a certain 
size stock, however, the longer flashing times would 
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cause a fairly wide softened band at the edge of the heat 
affected zone, thus lowering the strength in this region. 
If the welded part, however, is to have a strength of 
over 150,000 psi, heat treatment after welding is 
necessary. 

Parts which are heat treated after welding will have 
full heat treated strength, although the ductility may 
be impaired by the adverse flow of the upset fibers, 
particularly when the strength of the material is high. 
This affect is heightened if the steel has many longi- 
tudinal inclusions or chemical segregration (“‘banding”’). 
Breakage in tensile test follows the upset fibers in such 
cases, and ductility is low, in much the same way as in 
a transverse bar in steel plate. Figure 6, which is a 
longitudinal section through a broken tensile bar, shows 
the appearance of a fiber break. 

Since this upset fiber flow has an adverse affect on 
ductility, it would seem that the upset should be kept 
small, so that fiber distortion in the upset region would 
be held at a minimum. If the upset is too small, however, 
this purpose is defeated, because of the inability of the 
upset force to eject molten metal and impurities, such as 
slag and oxide, from the weld. In general, therefore, it is 
desirable to use the smallest upset dimension and force 
consistent with good quality welds, particularly if segre- 
gation is present. It may be that at some time in the 
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not too distant future those people interested in the 
flash welding of alloy steels will insist on definite 
standards of cleanliness and absence from “banding” 
in stock for flash welding. 


FLEXIBILITY OF FLASH WELDING 


The question arises as to what shapes and materials 
can be flash welded. In answer to the first part of the 
question, one may say that two pieces with like section 
at the surfaces to be butted, with sufficient surface to 
permit adequate die contact, and with sufficient excess 
material to allow for burn-off and upset, can be welded 
together by this method. For example, if one wished 
to flash weld a forging to a tube, the forging having a 
prolongation of the same diameter as the O. D. of the 
tube, it would not be good practice to leave the forging 
prolongation solid. It should be pierced or drilled so that 
it presents a hollow section of the same geometry as the 
tube to which it js to be welded. If the forging were left 
solid, it would be difficult to establish uniform flashing 
conditions and uniform upset between the two parts, 
since the solid forging would conduct heat away from 
the contact surfaces more rapidly than the tubing; more- 
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Figure 5— Photomacrograph and Vickers hardness plot 
across a flash weld in 1 in. diameter Cr-Ni-Mo steel 
after an oil quench at 1550 F and temper at 800 F. 
Specimen etched with 4 per cent nital. Hardness 
values plotted across the center of section. 
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over, it would be necessary to supply more heat to the 
solid bar, because of its larger volume. 

This dictum of like section applies in most cases. 
There are a few notable exceptions to this rule, which 
will be considered under the “applications” section. It 
is usually necessary in these cases to preheat the more 
massive part of the two before welding in order to com- 
pensate partially for the heat unbalance during welding. 

The size or the sectional area of the parts to be 
welded is governed by the size of the welding machine. 
Sizes up to 6 in. diameter have been welded on large 
machines. 

Any type of steel can be welded by this process, if 
the proper precautions are taken in every case. For 
example, in welding tool steels, provision must be made 
to prevent too rapid a rate of cooling from the welding 
heat, because of the tendency of these steels to crack 
in the hardened weld zone. Ways of accomplishing this 
will be considered further on in the paper. 

One of the greatest advantages of the flash welding 
process is its adaptability to the joining of different 
types of steels. It is common practice to weld high speed 
steel or stainless steel to carbon or alloy steel. This not 
only means a saving in material, but also one can obtain 
the desired physical properties in both parts of the 
welded assembly instead of submitting to a compromise, 
which might be the case if only one steel were used. In 
welding dissimilar steels one to the other, one must take 
into account the heat unbalance present due to differ- 
ences in thermal and electrical conductivity, and in the 
hot compressive strength. It is difficult to make rules to 
cover these variables, as they sometimes counteract each 
other. However, if one finds, in trying one welding 
schedule, that one of the steels upsets a great deal more 
than the other, thus tending to bottle in cast metal and 
impurities, one can provide more heat for the steel of 
the small upset. This can be done either by preheating 
this steel prior to welding, or by extending it further 
from the die, or by both of these methods. Greater initial 
die extension will provide for more heat and a greater 
length of plastic material during upset. 


LOW CARBON STEEL APPLICATION 


Probably one of the most outstanding of the flash 
welding applications of low carbon steel is the joining of 
strip steel coils in steel mills to make multiple coils, 
either simply to provide for a continuous pickling line 
or to allow the manufacture of longer coils. Longer coils 
may be desirable either to minimize scrap losses or 
merely because of customers’ demands for such length. 
The strip from the hot mill passes through a combina- 
tion uncoiler and straightener, thence to a shear, which 
removes the “‘head-end fish-tails.”’ The head-end of this 
coil is then flash welded to the tail-end of the preceding 
coil. After being welded, the coil passes through a 
trimmer, which removes the upset material of the weld, 
then proceeds to the looping pit and then to the pickling 
tanks. The time of welding must be short enough so 
that the pickling can be continuous. When the multiple 
coils are to be cold reduced without removing the welds, 
it is necessary to weld in such a way that the hardness 
differential between weld and parent metal be kept at 
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Figure 6 — Photomacrograph shows a broken tensile test 
bar from a flash welded 1 in. diameter chromium- 
nickel-molybdenum steel which was heat treated after 
welding. The break at the edges follows the upset fiber. 
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Figure 7 — Hydraulic operated 80 in. strip welder, showing 
general arrangement including controls, pumping 
unit, accumulator unit, mechanical adjustments, and 
gas house. 

















a minimum, so that difficulties will not be encountered 
in cold reduction. The weld is harder than the parent 
metal because of the thinness of the sheet and the 
quenching effect of the dies. In general, with proper 
welding technique, the hardness differential between 
weld and parent metal can be kept to 10 to 15 points 
Rockwell “B.” This causes no trouble in cold reduction. 

Figure 7 is a photograph of a welding machine cap- 
able of handling 80 inch wide strip. 

There are many applications involving the welding of 
low carbon steel rings, such as motor frames, generator 
housings, truck tire rims, and steering wheels. In manu- 
facturing these rings, a rolled bar or section is formed 
into a ring and the weld closes the ring. If the ring is of 
relatively small outside diameter, it is necessary to 
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flatten the curvature on either side of the opening in 
order to secure adequate die contact and to prevent 
slipping during welding. Figure 8A shows the appear- 
ance of a motor frame prior to welding, with the die 
contacting surfaces flattened. If the ring is of large out- 
side diameter, it is not necessary to resort to special 
preparation of this sort. 

The welding of a ring poses a problem uncommon to 
straight welding, since only part of the current can be 
utilized for welding, the rest shorting around the ring. 
The smaller the ring becomes, the less the impedance of 
this parallel circuit (i.e. the ring itself) becomes, and 
hence more current is robbed from the weld. So there is 
a distinct size limitation downwards in this class of 
welding. When the size of the ring is too small, the ring 
will become red hot during the welding cycle, and diffi- 
culty will be encountered in establishing adequate flash- 
ing action. A case in point is the welding of chain links; 
these have to be prepared in two distinct pieces, as 
shown in Figure 8B, so that there will be no shorting 
path. 

Since rings cannot be adequately backed up, the cur- 
rent carrying halves of the dies are of copper or copper 
alloy, but those that do not carry current are made of 
steel with serrated teeth. It is these steel dies which take 
the brunt of the upset force and prevent slipping of the 
part. 

Figure 9 is a photograph of a large ring welder, with a 
ring of 18 in. outside diameter in place. The weld has 
been completed. The serrated steel clamps can be seen 
inside the ring. The four air cylinders shown are for 
clamping pressure. 

Flash welded assemblies of forging to bars, forgings 
to tubes, and forgings to forgings are common in low 
carbon steel. One of these assemblies, containing three 
welds and composed of three forgings and a tube, forms 
a valve rocker arm for diesel engines. Foot treadles and 
levers are common applications. 

Before leaving low carbon steel, let us consider one 
successful application, in the welding of which the prin- 
ciple of like areas was violated. In this case a 154 in. 
diameter bar was welded to the middle of a flat side of a 
plate approximately 7 in. square and 1% in. thick. The 
plate is part of a die set, and the bar which is “T”’ welded 
to it is a locator pin. In order to weld this assembly, it 
was necessary to place a copper bar in place of the 


Figure 8 — To the left (A) is shown the appearance of a 
motor frame prior to welding. To the right (B) is shown 
how both sides of a chain link have been cut so that 
there will be no shorting path. 
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Figure 9 — Photograph of large ring welder, with an 18 in. 
outside diameter ring in place after completion of the 
weld. 


locator pin in the welder and butt the copper bar 
several times against the plate with the current on, in 
order to preheat that portion of the plate to be welded. 
Preheating having been accomplished, the copper bar 
was removed quickly, the steel bar inserted, and flash- 
ing started. Figure 10 is a photomacrograph of a section 
through the weld. Observe that most of the upset was 
taken by the bar. As a matter of fact, practically all the 
material loss from the plate is the result of burn-off 
during preheating and flashing. The weld is sound. 


ALLOY STEEL APPLICATIONS 


The aircraft industry has many interesting applica- 
tions in the field of flash welding. One of the most nota- 
ble is in landing gear assemblies. These parts, made up 
of tubes welded to forgings, are usually either SAE 
4130, SAE 4140, or NE 8630 steel, which is heat treated 
after welding up to 190,000 psi tensile strength. With 
this high strength requirement, it is necessary that 
sound welds be obtained. Figure 11 is a photograph of 
one of these assemblies, showing the outer cylinder 
assembly and the inner cylinder and fork assembly. The 
three straight tube welds are qualifying samples, used 
to set up the proper welding schedule. These parts are 
usually tested in bending, the bending force being ap- 
plied at the weld. Preliminary tests carry breakage to 
completion, not only so that the breaking stress can be 
calculated, but also so that the fracture can be seen and 
the soundness of the weld determined. Production parts 
are often proof tested in bending, at a stress figure 
below yield point. 

For assemblies of this sort, jigs and fixtures are neces- 
sary for the proper backing up of the part in flash weld- 
ing. Figures 12 and 13 show the manner in which such 
parts are adapted to the flash welding process by proper 
fixtures. In Figure 12 the assembly is similar to the 
inner cylinder assembly and in Figure 13 it is similar to 
the outer cylinder assembly. These fixtures not only 
locate and back up, but they also preserve the proper 
length tolerance in the welded part. 

Aircraft valves are subjected to corrosion, wear and 
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high heat. They must, therefore, be made of heat resist- 
ng stainless steels. On the Wright engine, the exhaust 
valve is austenitic stainless steel containing, in addition 
to some tungsten and molybdenum, 14 per cent chromi- 
um and 14 per cent nickel. This analysis gives the 
necessary strength at the high operating temperatures. 
For tappet wear a tip made of tool steel containing about © 
1.30 per cent carbon, 12-14 per cent chromium, and 
some cobalt is flash welded to the stem. After welding 

“ie eg tee Back-Up 
and machining, the stem of the valve is nitrided for wear Locator | 
resistance and the tool steel tip is induction hardened to 
56 Rockwell “C.” The valve seat is coated with Ni- 
chrome for wear resistance before welding. 

The intake valve in the Wright engine, which does ‘ 
not have to stand the high temperatures of the exhaust, ." 
is made of a hardenable stainless steel containing about \ 
.50 per cent carbon, 13 per cent chromium, 7 per cent 
nickel, and 2 per cent silicon. After welding and finish- 
ing, the stainless is furnace heated and quenched for 
hardness, and the tool steel tip is induction hardened. 

Figure 14 is a photograph of the intake valve, with 
the weld clearly marked. The tip is relatively short 
after final machining, and it can be seen that close 
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Figure 10— Macrograph showing welding of a 134 in. 
diameter bar to the middle of a flat plate 7 in. square 
and 114 in. thick. Practically all the upset metal is in 
the bar. 





Figure 11 — Portions of aircraft landing gear assemblies 
made by flash welding together sections of alloy steel. 
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dimensional tolerances are necessary in welding, so that 
the weld line will not fall in the retainer groove and yet 
sufficient tip length can be held. 

These materials are subject to localized die burns, 
particularly the hardenable stainless steel. These burns 
occur when there is inadequate die contact, so that die 
surface has to be closely checked. In the case of both 
types of valves, the tool steel tip is machined in the 
form of a cone at the butting end, to facilitate the 
starting of flashing and thereby allowing the process to 
be fully automatic. All valves are magnaflux tested 
after welding for weld line defects and die burns. Scrap 
must be kept at a minimum because of the high cost 
of the parts. 

Another example of the welding of dissimilar materials 
is the airplane supercharger shaft and bucket wheel 
assembly. Formerly the shaft, of SAE 4140 steel. was 
bolted to the heat resisting austenitic stainless steel 
bucket wheel, which made for high machining and 
assembly costs, not to mention the disadvantages accru- 
ing from a bolted assembly. Now the bucket wheel is 
forged with a short stub shaft on it, to which is flash 
welded the SAE 4140 shaft. The weld is made at such 
a dimension from the wheel that little stress occurs here 
in service. This assembly cannot be fully heat treated 
after welding, as such practice would destroy the proper- 
ties acquired in the bucket wheel by forging. Therefore 
the alloy steel shaft is welded in the fully hardened 
condition (about 52 Rockwell ““C’’), and the assembly 
is merely tempered to the proper hardness for the shaft 
(about 32 Rockwell “‘C’’). In order that this might be 
done satisfactorily, it is necessary to flash weld in such 
a way that there is only a small softened zone in the 
shaft after welding, and this zone must be at least 
28 Rockwell “C”’ hardness after tempering. This means 
that the flashing period must be relatively short. 

In service the turbine bucket wheel must stand tem- 
peratures of 1500 F at its periphery and 1000 F at its 
hub. The shaft does not reach such high temperatures 
as this. 

Figure 15 shows an etched section through a sample 
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flash weld in these two materials. Note that the stain- 
less steel, because of its high temperature strength, did 
not upset as much as the SAE 4140. Because of this, 
there is a tendency to entrap areas of stainless cast 
metal in the weld line. Two of these areas can be seen 
in Figure 15. Their presence is apparently not harmful, 
as long as the weld is sound. 

The flash welded Smithway hollow steel propeller 
blade is a triumph of fabrication, as made by the A. O. 
Smith Corporation. Figure 16 is a sketch of the seven 
components of the blade before flash welding; a sketch 
of the finished blade also is shown. All components are 
made of a strategic chromium-nickel-molybdenum steel. 
The shank (1) is made from seamless steel tubing by hot 
expansion and machining. The tip body (6) is also 
formed from tubing. Parts 4 and 5 of the center section 
are of rolled plate, while parts 2, 3 and 7 are forged from 
bar stock. This fabrication saves many hours of machin- 
ing and much costly material. All components are joined 
by flash welding, the longitudinal welds being made 
first and then the transverse welds. Where the welds 
occur, the components are made thicker so as to assure 
full strength. Location and alignment, as well as rigid 


Figure 14 — Aircraft engine intake valve made of two kinds 
of steel, showing weld at tappet end. 





























Figure 15 — Macrograph of flash weld etched with 10 per 
cent oxalic acid, between two 21, in. bars, one made 
of heat resisting stainless steel, (left) and the other of 
SAE 4140 steel. (right) 


welding schedules are necessary in flash welding these 
parts. Each component is balanced before welding, 
and the entire assembly balanced after welding. Flash 
and upset are removed by special belt sanders after each 
welding operation. After assembly and removal of flash, 
the blade is normalized and cooled, then reheated and 
quenched in a water cooled die. Inert gas, under high 
pressure, passed through the shank opening, serves to 
push the blade surfaces firmly against the die walls. 
Hence final forming and quenching are accomplished at 
one time. Tempering in racks, cleaning, balancing and 
final polishing complete the job. 


TOOL STEEL APPLICATIONS 


A saving of high speed tool steel is being effected by 
the use of flash welding in the manufacture of tools such 
as drills, taps, and reamers. Only the working part of the 
tool is of high speed steel; shanks are made of medium 
carbon or alloy steels, and the two are flash welded 
together. This process not only adapts itself to new 
tools, but also to the reclamation of old ones which are 
too short for use. Since high speed steel is air-hardening, 
the main problem encountered is the tendency of this 
steel to crack on cooling from welding. Hence post heat- 
ing in the welder and slow cooling is resorted to. After 
the weld is made, the tool is quickly unclamped, the 
welding dies are placed further apart, and the tool is 
reclamped. A post heat current is then passed through 
the welded area, heating it to about 1500 F. When this 
is done, the tool is removed and buried in lime or mica 
to ensure slow cooling. The dies are placed further apart 
when post heating in order to make the heated portion 
of the piece longer, and thus making for a slower cool. 
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This procedure is adapted mainly to reclaimed tools, as 
most of the high speed steel portion is not heated to 
temperatures which would affect its hardness and micro- 
structure. With reclaimed tools, no further treatmen| 
than that described is given, since the tool has alread) 
been hardened. 

In the making of new tools, welding is done before 
either tool or shank is heat treated. Post heating, then, 
is not necessary if there is furnace equipment at the 
welder. The tool is removed from the welder and placed 
immediately in a furnace running at about 1500 F. It 
can either be cooled in the furnace or removed and 
buried in lime. If the tool is a drill, it is welded before 
twisting. Figure 17 is a photograph of a flash welded 
drill in the welder just after welding. Note that the shank 
has been fluted at the welded end to conform to the 
fluting in the drill, so that like sections are presented to 
‘ach other. Note also the shape of the dies which con- 
tact the fluted drill. 

After welding (and twisting in the case of drills) and 
slow cooling, the tool is annealed at 1600 F in an atmos- 
phere or in cast iron chips to avoid oxidation. It is then 
machined. The tool end is heat treated according to 
high speed steel practice, that is, preheated, heated to 
high temperature, and quenched. It is important that 
only the tool end be treated this way, since the shank 
would be coarse-grained and overheated if subjected to 
the high temperatures necessary for the high speed steel. 
After the quenching of the tool end, the shank end is 
immersed in a salt or lead bath at the proper hardening 
temperature (about 1550 F in the case of SAE 4140). 


rr 














Figure 16 — Sketch above shows the seven components of 
the Smithway hollow steel propeller blade before 
flash-welding and sketch below shows finished blade. 
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Figure 17 — Photograph showing flash welded drill in the 
welder just after welding. 
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The shank is then quenched in the proper medium, and 
the whole part tempered at the proper tempering tem- 
perature for the high speed steel. Grinding completes 
the part. 


SAE 3440 steel (.40 per cent carbon, 3 per cent nickel, 
.75 per cent chromium) is not generally thought of as a 
tool steel, but it is used for tube drawing mandrels. 
These mandrels can be rebuilt, when broken or worn, 
by flash welding without any heat treatment being 
given after welding, unless it is merely a low tempera- 
ture draw. The stock is in the hardened condition before 
welding, and exhibits hardness values after welding as 
shown on the plot of Figure 18. The weld zone is even 
harder than the parent metal, while the heat affected 
zone drops to around 430 Vickers. Apparently this dip 
in hardness will not impair the wearing quality of the 
mandrel, which acts as an internal support for the tube 
while it is being drawn through the die. While this 
application is not yet in production, it is expected to 


be soon. 





Figure 20 — Photograph showing a finished crankshaft with sixteen flash-welded counterweights. 
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Figure 18 — Photomacrograph and Vickers hardness plot 
across flashweld in 7/j¢ in. round SAE 3440 steel. (left) 


Figure 19 — Sketch showing method of clamping crank- 
shaft and counterweight preparatory to welding. 
(above) 


MISCELLANEOUS APPLICATIONS 


In the turret ring assembly for turrets of military 
tanks flash welding plays a major part. The assembly is 
made of three different rings, the outer ring, which is 
bolted to the tank body, the inner ring, which forms 
part of the turret, and, which is connected through gear- 
ing to the outer ring, for turret rotation and the retainer 
ring. All three rings are made of a chromium-molyb- 
denum steel, and are obtained from the mill as rolled 
section of the proper cross-sectional contour. These long 
sections are heated and formed into rings, and then the 
rings are closed by flash welding. Heated once more, 
they are sized in a sizing ring and flattened in a hydraulic 
press. The heating after welding serves to normalize the 
welded area. After being machined, the three rings in 
the assembly are flame hardened on the ball bearing 
races. The ring rotates past the flame head, which heats 
the surface to the proper temperature and immediately 
quenches it through water jets located directly behind 
the gas jets. Water with a small percentage of soluble oil 
is used for quenching, to prevent rusting of the ring and 
equipment. Flame hardening constitutes the only heat 
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Figure 21 — Closeup of weld!between shaft and counter- 
weight after flash and upset has been removed. 


treatment these rings receive. Final assembly of the 
three integral rings follows flame hardening. 

If these rings were not fabricated in this way, they 
would have to be forged and machined to the proper 
cross-section, resulting in a waste of both labor and 
material. 

In order that high bearing pressures may be elimi- 
nated, crankshafts usually have to be counterweighted 
opposite the throws. At one time these counterweights 
were made integral with the shaft, which posed a 
difficult forging problem. Now counterweights are flash 
welded to lugs on the shaft. As the centrifugal forces are 
low, these counterweights are forged from SAE 1020 
steel, although the shaft itself can be anything from 
SAE 1040 to SAE 4340 (chromium-nickel-:nolybdenum) 
steel. The shaft is forged, twisted, heat treated, straight- 
ened, and grit blasted before flash welding. After flash 
welding the assembly is retempered, not only to soften 
the weld but also to relieve straightening stresses, at a 
temperature about 50 degrees Fahrenheit below the 
original tempering temperature. 

In flash welding, the shaft is mounted in centers at 
right angles to the welder, ‘and is positioned in the 
welder by hand wheels. Electrodes on the stationary 
side of the welder contact the shaft by moving through 
an arc, as shown in the sketch of Figure 19. The counter- 
weight is*clamped into a recess in the electrode on the 
movable platen, also as seen in Figure 19. Manual pre- 
heating is usually necessary to start the flashing action, 
particularly on the larger sizes, but the remainder of the 
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Figure 22— Macrophotograph of transverse’ section 
through counterweight and crankshaft showing differ- 
ence in structure between counterweight and shaft. 


= 
Figure 23 — Photograph of combination jig and die which 
holds a tractor shifter fork in place for flash welding. 
A completed fork is shown on the left. 

















cycle is automatic. Surfaces to be welded are slightly 
convex; this also helps in starting the flashing action. 
Areas up to about 9 square inches are normally welded 
at Park Drop Forge Company, although a 124% square 
inch section was successfully welded once. Figure 20 is a 
photograph of a finished crankshaft with sixteen flash 
welded counterweights on it. In Figure 21 is seen a close 
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up of a weld between shaft and counterweight with flash 
and upset removed. This photograph also shows the 
appearance of a forged lug on the shaft before it is 
welded to the counterweight. Figure 22 reveals the 
macrostructure of a transverse section through |two 
welds. The difference in structure between counter- 
weight and shaft, the weld line, and the forging fiber in 
the shaft can be seen.. 

A relatively recent development in flash welding is the 
joining of railroad rail sections. While rails are not 
made of alloy steel, they are high in carbon content 
(.70 per cent) and so have to be handled carefully to 
prevent cracking on cooling from the welding heat. As 
opposed to other modes of welding rails, the flash weld- 
ing method is faster, gives higher quality welds, and is 
reproducible because of automatic schedules. To do the 
job properly, however, much equipment is needed, 
usually a train composed of a locomotive, a generator 
car, a rail rack car, a welder car, and flat cars for stress 
relieving, inspection and grinding. Electrodes in the 
welding machine are contoured to the rail shape. 
Welding is fully automatic, with an initial low flashing 
rate, which also serves as a preheat, followed by a higher 
flashing rate and the upset. After welding the upset 
material under the rail base is removed by a shear 
attached to the welder platen. The welded rail is then 
removed from the welder by means of a winch and 
allowed to cool for a predetermined length of time, after 
which it is moved into a furnace in another car for 
stress relieving at 1250 F. Cooling from the stress re- 
lieving temperature to 600 F is slowed by covering the 
weld with an asbestos hood. Special grinding machines 
remove the remainder of the upset material and give the 
proper rail contour to the welded area. 

Let us finish this dissertation by considering one 
more ““T’”’ weld application. This is the shifter rail-fork 
assembly whose function is to shift the tractor gears on 
International Harvester Company tractors. Figure 23 
is a photograph of the combination jig and die which 
holds the shifter fork in position for welding, with a 
fork in place. A cam clamps the side of the fork and a 
toggle clamp contacts its sloping surface. In the photo- 
graph the latter has not been clamped. A block which 
fits into the fork spread acts as a back-up. The photo- 
graph also shows a finished welded assembly. The 
shifter rail is held in a recessed die and clamped for 
welding. 

Both rail and fork are usually made of medium carbon 
steel, the former a cold drawn plate and the latter a heat 
treated forging. The rail is preheated to 400 F before 
welding, both to allow easier starting of the flashing 
action and to preclude brittleness caused by fast cooling 
from the welding heat. After welding is completed, the 
welded area is softened by local gas heating to about 
1150 F, and the part is straightened. It is essential that 
the wearing surfaces of the fork be at right angles to the 
rail axis. The wearing surface of the rail, at the notches, 
is flame hardened file hard, and the wearing surfaces of 
the fork are induction hardened to 50-60 Rockwell “C” 
hardness. Sound welds are secured, in spite of the differ- 
ence in the sectional areas being welded. As in the other 
“*T”’ weld mentioned, most of the upset is taken by the 
fork, and the weld line is curved into the rail slightly. 

There are many other flash welding applications not 
mentioned here, but it is to be hoped that a reasonable 
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cross-section of the art has been revealed, and that this 
paper will serve in a modest way to further interest in 
flash welding and its applications. 
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T. C. Mayberry: In the flash welding of strip steel 
from 40 to 90 inches wide, what would be the minimum 
gauge you could butt-weld successfully without one 
piece slipping over the other? 

William Lueck: Seven thirty-seconds. 

J. S. Horvath: Has butt-welding been successful 
on sheet-strip of .25-.30 carbon, 40 to 90 inches wide? 

J.C. Barrett: I do not know why it should not be 
as far as the mechanics of welding are concerned. If the 
weld broke, it would be due to brittleness. Some method 
of annealing after welding would be desirable. 

L. R. Milburn: I think on the present welders, you 
will find that the strip burns off too fast, and when it 
comes to pushing up, you have no metal there to push 
up. We have burned off at 14 to 16 volts. 
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J.C. Barrett: The answer is to use dual voltage. In 
other words, start at a high voltage and then go to as 
low a voltage as you possibly can and maintain flashing. 
You get a more violent flashing action with higher 
carbon. In addition you may run into difficulty in try- 
ing to make the two butting faces equal across when 
you go to upset. 

L. R. Milburn: Then you run into difficulty with a 
transformer. 


J. C. Barrett: No, you can put a switch in the cir- 
cuit, so that when you reach a certain point on the 
flashing cam it will throw the switch over to a low 
voltage. You set your tap for the lower voltage, but 
you do not let that particular voltage come on until you 
want it to, or you can change the heat by phase control. 
I do not know which is better but am partial to the 
tap change. 

H. E. Phelps: In the welding of carbon shanks on 
high speed twist drills, did you ever have any difficulty 
in getting scale in the weld, so that when the twisting 
operation is performed, the weld fails? 

J. C. Barrett: No. Of course, you have to watch 
your heat balance. Since the high speed steel has higher 
electrical resistance, it heats more readily than does 
the carbon steel. If it is made too hot, and the current 
is kept on too long after upset, it is possible to burn the 
high speed steel. 

H. E. Phelps: The thing I was thinking of was a 
high carbon shank welded to a high speed drill, and 
since there was much scale, the weld failed. 

J. C. Barrett: The current was probably cut off 
before the upset. You cannot allow any time in which 
the butting surfaces are open to the air completely. By 
carrying the current into upset, oxidation is prevented 
to a great degree, if, on the other hand, current does not 
flow for a short space of time between the end of flashing 
and the beginning of upset, oxide can form on the butt- 
ing surfaces, and probably will not be ejected during 
upset. 

L. R. Milburn: Do you have trouble with insuffi- 
cient die wear tension in the clamps, due to die wear, 
when you run a narrow strip for a while, and then go to 
a wide strip? 

William Lueck: Yes, although we have dies that 
are quickly interchangeable and we have a hook that 
goes in and picks the lower die out. 

T. C. Mayberry: What is the average life of these 
dies for different strip steels? 

William Lueck: That is a question of how you use 
them. If you change from wide to narrow stock, where 
the pressure is localized in one place, it lowers the 
die life. The dies are made heavy to allow for wear, and 
the dies are made so they are adjustable. They have a 
wedge underneath to permit their alignment. 

T.C. Mayberry: Do they get pitted up, afterward? 

William Lueck: Yes. 

L. R. Milburn: Is it not true that you have no 
trouble welding as long as your steel is the same gauge 
all the time? In other words, you can then make your 
setup just so. But when you come to a steel mill which 
runs all classes of steel and all widths, the machine 
must be maintained in a precise manner all the time. 

William Lueck: That is one reason there are ad- 
justments in the dies. 
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L. R. Milburn: But you cannot compensate for the 
wear in the center, except by taking out the dies and 
grinding them down. 

William Lueck: That is correct. 

T. C. Mayberry: Do you have any method to 
clean dies? 

William Lueck: Yes, if you mean to take the oxide 
off the face of the dies. There is a space bar that cleans 
the die face. 

J.G. Hoba: We recently attempted to flash weld a 
band of steel 23 in. in diameter, 78% in. wide and %% in. 
thick, made from a low alloy class B, grade one, spec. 
57-114-1, or NAX-9110 steel. The experiments that we 
performed were on NAX steel, and were done on a 600 
kva, 25 cycle cam-operated flash welder. 

We did not have very much success in our experi- 
ment, primarily, we think, because there was not suffi- 
cient clamping pressure on the metal during the upset 
period, and it would simply dislodge itself in the welder 
jaws. Of course we experimented with the different vari- 
ables in a flash welder, such as amount of current, time 
element, point of cut-off, etc., but in all cases, the metal 
would simply flash violently and blow out large pieces. 

We have been able to find out some interesting facts 
in comparing welding of steel in our Detroit plant, at 
60 cycle power, and in our Windsor plant at 25 cycle 
power. It seems that our 25 cycle power on an identical 
machine rating is considerably “hotter.” For similar 
jobs we never do require as high a machine rating in our 
Canadian plant as they do at the Detroit plant. 

T. C. Mayberry: Have you tried a-c welding of 
strip for alloys with carbon above 30 points? 

J.C. Barrett: We weld low carbon thin stock with- 
out any difficulty, but I do not know about strip in the 
higher carbon or higher alloy steels. 

A. W. Mohrman: You would have more trouble 
with high carbon due to brittleness. It would be all right 
if you could provide for some way of slow cooling or 
annealing the strip afterward. 

T. C. Mayberry: In other words, if we are to suc- 
cessfully weld high tensile steel, it must be done before 
the start of the continuous pickle, since it cannot be 
done in a continuous pickle line if it is necessary to 
anneal afterwards. 

J.C. Barrett: I should think you would have some 
difficulty along that line. Even if you managed to weld 
successfully you would have trouble in cold reduction 
afterwards, because you would have an appreciable 
difference in hardness from the weld metal to the 
parent metal. Even with a low carbon steel, when you 
add a little alloy, you may be surprised at what happens. 

J. S. Horvath: Would it be possible to weld high 
carbon strip and anneal quickly? 

J.C. Barrett: I do not see why not. You would have 
a soft zone at one point outside the weld, due to heating 
in the high tempering range. 

J.S. Horvath: I noticed the welds illustrated in the 
paper have quite an upset. The trouble we are having 
welding high carbon strip is that there is no upset. The 
steel is all gone, and you have only prime surface. I 
would judge that if we did want to anneal, we’still would 
not have enough stock to hold, as our welds tend to 
break as soon as it is bent. 

J.C. Barrett: The answer to that, I believe, would 
be to increase your upset distance. 
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William Lueck: You should also change to a low 
voltage. Possibly there is not enough clamping pressure, 
for with too high a secondary voltage, the metal is all 
flashed away, leaving insufficient metal to upset. 

J. S. Horvath: The clamping pressure has been 
great enough, but the material burns away faster than 
we are able to push up on it. 

J. C. Barrett: You need high enough voltage to 
start the flashing action, and then you need low voltage 
to continue the flashing action without blowing out 
large particles. 

L. R. Milburn: When you are making a weld, you 
turn the current off before you finish the push-up. 
Would it do any good to turn the current back on 
again before unclamping? 

J.C. Barrett: Let us assume that you have allowed 
the weld to cool to a low temperature so that it has 
transformed. Then if you could control the heat in 
such a way as to get uniform tempering, it would be 


helpful. 
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LARSEN AND SIDDALL 
Discussion 


(Continued from page 96) 


half or two-thirds of the bath with its maximum lumin- 
osity and radiation power at about the first door, and I 
think that is in line with some of the results Mr. Fisher 
has given. 

In this mixing of coke oven and blast furnace gas, if 
you actually could preheat the gas mixture in the re- 
generator and get all the reaction between the two 
gases to take place and at the same time somehow carry 
enough of suspended carbon from excess hydrocarbon 
to give luminosity in the chamber, it would then seem 
to be a fairly ideal fuel, because the hydrogen content 
is down so that that fuel would be a heavy fuel and I 
think its flame would then tend to lie down along the 
bath. 

The main problem is probably luminosity. You could 
perhaps not run the coke oven gas percentage up high 
enough and carry enough carbon to get maximum 
luminosity. 

It may be we will have to go to injection of finely 
divided oil or carbon as Mr. Fisher points out. 

There is a metallurgical aspect to fuel burning of 
course, but I think this can be kept secondary to the 
main problems of regenerator efficiency and radiating 
rate. If we can generate an intense flame without burn- 
ing out the incoming end of the furnace too much, and 
distribute much of the heat along the first 24 of the 
bath, it seems to me that we can visualize pushing fuel 
efficiencies up higher and higher, and perhaps if neces- 
sary we will have to build furnaces with basic roofs or 
ends in order to take advantage of the maximum effi- 
ciency. In other words, you should not give up on 
maximum fuel efficiency just because the present open 
hearths are not able to stand the gaff. 

The essential point about mixed gas is that, if we 
could give its flame a high luminosity to transfer heat 
about as well as oil or tar, its greater capacity for re- 
turning regenerated heat might give it equality or 
even superiority in a modern, efficient furnace system. 
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{MO pump circulating governor oil and 
lubricating oil for large turbine. 

The IMO PUMP requires less space than most other pumps 
because of the high capacity attainable by its efficient, com- 
pact design and high speed operation. If desired, it can be 
directly connected to, and mounted upon, turbines, motors, 
engines, or other equipment. In special designs, dimensions 
and proportions can be varied to meet space limitations. __14. 


For further information write for Catalog I-128-I. 


€ PUMP DIVISION OF THE 


Py” DE LAVAL STEAM TURBINE CO. 


TRENTON 2, NEW JERSEY 





Matthews “Champion” Stee! 
Type Holders are used for 90% 
of all marking applications re- 
quiring long, continuous, hard 
usage. Illustrations left show 
construction and easy type 
change. Carried in stock. Write 
for Catalog 146-A 


IS & 


~, 
3942 FORBES STREET : | PITTSBURGH 13, PA 
BRANCH \* PLANTS 
NEW YORK, BOSTON, CHICAGO, “°j° PHILADELPHIA, NEWARK, SYRACUSE 





District Sales Offices: Cleveland, Hartford, Birmingham 
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, Wi Il Help You Get t he Most. 
Service from Yo ur Fuses 
"FUSEOLOGY” and “PROTECTION HANDBOOK” 

_ offered by the makers of BUSS Fuses 


Do you know - 


What to do when fuses blow? 

Where to look for trouble that caused fuses to 
blow? 

What to do after you have found the trouble? 
How to select the right type fuses for various 
circuits? 

How to determine the proper size fuse or fusetron? 
How to save material and cut costs on motor 
installations? 


(Answers to these and many other questions are 
found in ‘*‘FUSEOLOGY’’) 






BUSS Fusetrons 
BUSS Super-Lag Fuses 
BUSS One-Time Fuses 


Do you know - 


How to determine size wire to be used—-and volt 
loss? 

How to select the proper protective device for 
electric circuits, motors, appliances, and apparatus? 
Code rules on motor protection? 

Size of switch or fuseholders required? 





(These are typical questions answered in 
BUSS Plug Fusetrons “PROTECTION HANDBOOK’’) 


BUSS Fustats BUSS Plug Fuses 
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HESE helpful handbooks are furnishing many maintenance 

men, electricians, and contractors with useful, practical infor- 
mation. Everything in them is practical, clear, simple, and under- 
standable. Both of these handbooks are well illustrated with 
charts, diagrams, and drawings. Anyone connected with fuse 
maintenance or installation can get these practical aids free. 


If there are other men in your organization who you think would 
find either or both of these booklets helpful, send their names also. 


BUSSMANN MANUFACTURING COMPANY 


Division McGraw Electric Company 


University at Jefferson, St. Louis, Mo. 


QOS SSS OSSS SSS SSS SSSSSSSSSSSSR66 


# BUSSMANN MEG. CO., Division McGraw Electric Co. 
University at Jefferson, St. Louis, Mo. 


* 
q 

Send the Coupon NOW, P-rxe 2 » ory 60 Pawclogy © Protetion Hand 
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EE eS Title 














Sold Through 
Wholesalers 


Company——___ = 
Address. 
City and State 
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* ALL STEEL CONSTRUCTION 
* MICA INSULATION 





Detailed information in 
BULLETIN No. 500 


Copy on request 






* RUGGED TERMINALS 

* PROVISION FOR EXPANSION 
% ADEQUATE VENTILATION 

* UNAFFECTED BY VIBRATION 
* MOISTURE RESISTANT 


* The exclusive ‘'P-G Floating Bolt'’ % CORROSION PROTECTED ay 
construction permits the resistor element Ne 











to expand without buckling as the tem- 
perature increases under load. Thus, damage from expansion or 
buckling . . . a frequent source of resistor trouble . . . is eliminated. 


The unique shape of the ‘'P-G Steel Grid'’ assures maximum ventilation 
because of the even heat distribution over the entire grid surface. 
Each part of the grid is equally exposed to air and the heat produced 
is rapidly dissipated. 


These and many other practical features of design, plus steel and 


mica as basic materials, assure long resistor life. 


Kesistrr 





mm THE POST- GLOVER ELECTRIC COMPANY 


i 221 WEST THIRD STREET, CINCINNATI 2, OHIO 
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proucded MORE TONNAGE WITH LESS POWER— 
a MORE CONSTANT, UNIFORM CONTROL— 
LOW MAINTENANCE-CONTINUOUS OPERATION 


Swindell-Dressler and General Electric 

— now combine to provide makers of steel 

he a with complete ACCURACY and PRECI- 

a SION CONTROL for Swindell Electric 
™ Arc Melting Furnaces. 

Swindell engineers welcome the oppor- 
tunity to discuss this development .. . the 
many ways in which it will provide greater 
tonnage . . . lower maintenance costs... 
and dependable accuracy of control. 





SWINDELL- DRESSLER Corporation 


DESIGNERS AND BUILDERS OF MODERN INDUSTRIAL FURNACES Continue to buy 


PITTSBURGH, PA. 
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CARNEGIE-ILLINOIS ANNOUNCES FURTHER 
IMPROVEMENTS AT GARY AND IRVIN WORKS 


A A program for further improve- 
ment of facilities for the manufacture 
of cold reduced sheets and tin plate 
at the Gary Sheet and Tin Mills of 
Carnegie-Illinois Steel Corporation, 
Gary, Indiana, has been announced 
by J. L. Perry, president of this United 
States Steel subsidiary. The new pro- 
gram supplements a previous project 
announced last June. When completed 
these improvements will increase the 
mill’s annual capacity for cold rolled 
products by 232,600 tons. 

These improvements will enable 
Carnegie-Illinois to give better service 
to mid-western manufacturers who 
use cold reduced steel sheets for mak- 
ing automobile bodies, refrigerators, 
household appliances, enamel wear 
and similar sheet steel products, as 
well as users of tin plate and cans. 

The new program includes increas- 
ing the capacity of the plant’s 80-in. 
hot strip mill. In this mill, which was 
completed in 1936, slabs of steel, 
which average 51% in. thick, 40 in. 
wide and 105 in. long, pass through a 
series of rolls, known as roughing and 
finishing stands, where they are re- 
duced in thickness until they emerge 
ready for coiling as strip 1% of an in. 
thick and about 1400 ft long. During 
the war years this 80-in. mill was con- 
verted, in record time, to also pro- 
duce heavy steel plate for ships. 

As part of the improvement pro- 
gram a new 54 in., four-stand cold re- 
duction mill will be installed and im- 
provements made on the present 84- 
in., three-stand cold reduction mill. 
In this type of mill, the coiled strip 
from the hot strip mill is further re- 
duced in thickness and receives the 
smooth surface required in finished 
steel products. 

In connection with these improve- 


ments, the 18 year old, 42-in. hot 
strip mill and 10 thirty-five year old 
hand sheet mills will be dismantled. 

Another modernization program 
has been announced by the corpora- 
tion for the Vandergrift Plant of 
Irvin Works, where facilities will be 
installed for the production of steel 
strip in coils. 

To complete this program, a mod- 
ern single-stand reversing cold reduc- 


ENGINEER 


tion mill will be transferred from 
Irvin Works to the Vandergrift plant, 
and necessary annealing equipment 
and other finishing facilities will be 
installed. When completed, the plant 
will be prepared to meet the newly 
developed consumer demand for elec- 
trical steel strip, which is preferred by 
manufacturers of electrical equipment. 

The Vandergrift plant was the first 
steel plant in America to produce 
silicon sheets although they were 
manufactured previously in England. 
In the past practically all silicon steel 
was delivered to the user in the form 


WORLD’S LARGEST MORTAR BUILT BY MESTA 




















With the end of warfare, the army revealed the closely guarded secret of the 
36 in. mortar, built by Mesta Machine Company of Pittsburgh. The 
original plan was for Mesta to make only the barrel, a forging 38 ft long 
and weighing 90 tons including the mount. But, according to Lt. Col. 
John W. Kight of the Pittsburgh ordnance district, Lorenz Iversen, 
Mesta’s president, was later given a free hand to design the carriage and 


recoil mechanism as well. 


The giant mortar, probably the largest ever 


built, was planned, designed and produced ready for action in only 


four months. 


The gun and the emplacement unit, which weighs another ninety-one tons, 
were transported to the Aberdeen proving grounds from Pittsburgh for 
testing. Over Pennsylvania’s superhighway the huge gun was moved 
at a speed up to seventy-five miles an hour. 


The mortar throws a two-ton shell six miles. 


In spite of the fact that the 


recoil charge is eight times that of a 16 in. naval gun, it is absorbed in the 
space of 25 in. in 45/1000 of a second. 
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of hot rolled sheets. The new program 
results from research and studies which 
U. S. Steel metallurgists and engi- 
neers have carried on for several years 
to devise means of producing this 


electrical steel in coiled form, as either 
hot rolled or cold reduced strip. 

It is estimated that the entire re- 
conversion program at this plant will 
be completed late in 1946. 


NEW BRAKE CONTROL UNIT PROVIDES 
CUSHIONED STOP UPON POWER FAILURE 


A A new brake control unit recently 
developed for the Wagner type HM 
crane-bridge brake provides auto- 
matic “‘cushioned”’ emergency: stops 
when power fails or crane runs beyond 
safe limits on the runway. This brake 
control unit permits free use of the 
foot controlled hydraulic brake for 
service stops while at the same time 
it holds the parking-brake setting- 
spring compressed and ready to apply 
the brake in an emergency, such as 
the over-running of a limit switch, 
power failure, or in the event the op- 
erator wishes to park the crane. In 
either event the “cushioned-stop” 
valve of the control unit applies the 
brake at a predetermined rate to 
bring the bridge and its load to a 
quick, but smooth, stop without un- 
due swinging of the suspended load. 

The unit shown in the cut-away 
photograph is for use with alternating 
current and has a transformer (A) 
and a selenium rectifier cell (B) that 
converts the line current to 12-volt 
direct current for operating the 
“cushioned-stop” valve. In the direct 
current unit, resistors are used in 
place of the transformer and rectifier. 


While the crane is in operation elec- 
tromagnet C is energized, holding 
plunger D against escape port in seal- 
ing cup F. In this position whenever 
the operator uses the brake for service 
stops fluid enters port E and goes 
directly to the brake actuating-cylin- 
der from outlet port (hidden in this 
photograph) opposite of port E. When 
line circuit K is opened, as by a limit 
switch or power failure, magnet C is 
de-energized, releasing plunger D and 
permitting the escape of fluid from 
hydraulic-releasing cylinder mounted 
on the brake. This fluid must pass 
metering disc G which meters the 
escape of fluid so as to allow the brake 
to set by spring action at a predeter- 
mined rate. 

To release the parking brake the 
operator makes a full application of 
the foot pedal. Fluid entering port E 
passes readily through sealing cup F, 
since magnet is now de-energized, and 
out the lower port to the hydraulic- 
releasing cylinder to compress the 
brake-setting spring. Fluid is also 
forced through tube H and acts on 
plunger I to close switch J. With 
the closing of switch J magnet C is 














energized thereby trapping hydraulic 
fluid in the releasing-cylinder and 
holding the brake-setting spring com- 
pressed. 

With this control unit installed in 
the system, the operator has a hy- 
draulic brake for service stops, a 
spring-set brake for parking, and an 
automatically applied “‘cushioned- 
stop” brake for emergencies — all in 
one brake. 


BETATRON OFFERS TOOL 
FOR X-RAY PICTURES 


A The first industrial application of 
one of the newest electronic devices 
the 20,000,000-volt betatron which 
has been in use for more than a year 
in a Government arsenal — was dis- 
closed recently by the University of 
Illinois and Allis-Chalmers Manufac- 
turing Company, who cooperated in 
making the betatron available for 
industry. 

















This betatron, located at University of 
Illinois, is able to take pictures 
through 15 in. of steel. 


Generating X-rays more powerful 
than any ever before used in commer- 
cial radiography, the betatron enables 
engineers to take pictures through 
15 inches of solid steel. Through use 
of the machine, minute hidden de- 
fects may be detected in high castings 
and forgings. 

Despite the high voltage of the X- 
rays, the betatron can be handled as 
easily as the low voltage equipment 
familiar to anyone who has had X- 
rays taken on a visit to his doctor or 
dentist. However, it remained a lab- 
oratory tool until the war brought it 
into industry. Funds for the research 
carried on at the university and Allis- 
Chalmers were provided by a contract 
with the Office of Scientific Research 
and Development. 


IRON AND STEEL ENGINEER, DECEMBER, 1945 





T 
butt 
for | 
only 
is n 
gray 
ship 
give 
pen 
thot 
insp 

S 
plic: 
volt 
Hov 
pro] 
and 
play 
phy 
seal 


A’ 
Aci 
tior 
Nov 
Pit! 
siOr 
nou 
pro 
aci 
194 
the 
[ro 
net 
cen 
pro 
wel 
ber 




















The machines are operated by push- 
button and have automatic controls 
for timing photographic exposures so 
only ordinary X-ray technician skill 
is needed to take successful radio- 
graphs. For instance, heavy battle- 
ship parts which previously could be 
given only a surface inspection can be 
penetrated and the inside revealed as 
though it were completely open to an 
inspector’s eye. 

So far, only a few of the many ap- 
plications expected for the 20,000,000- 
volt betatron have been explored. 
However, larger machines have been 
projected, at least for laboratory work, 
and indications are that they will 
play an important part in nuclear 
physics (cosmic ray and atomic re- 
search). 


ACID OPEN HEARTH STEEL 
OUTPUT 2.17% OF TOTAL 


A The bi-monthly meeting of the 
Acid Open Hearth Research Associa- 
tion, Inc. was held on Thursday, 
November 8, at the University of 
Pittsburgh. During the business ses- 
sion, F. C. T. Daniels, Secretary, an- 
nounced the results of a survey of 
production statistics for the entire 
acid open hearth industry during 
1944. The compilation indicated that 
the value quoted by the American 
Iron and Steel Institute (1,196,000 
net tons) was actually only 60 per 
cent of the total acid open hearth 
production. The actual 1944 figures 
were as follows (one small non-mem- 
ber plant not reporting): 





Net tons | Per Cent 
Ingots... . 946,034 | 49.07 
Castings. . 981,696 50.93 
|. eres 1,927,730 


A further breakdown indicated that 
this total represented 2.17 per cent 
of the total U. S. steel production 
during 1944, and that 69 per cent of 
all acid open hearth steel was pro- 
duced by members of the association. 

Completion and distribution of the 
first research bulletin, “Acid Open 
Hearth Slag Fluidity and Its Signifi- 
cance” were also announced. /This 
bulletin is available to non-members 
at $1.00 per copy and may be obtain- 
ed from the Secretary, P. O. Box 
1873, Pittsburgh, Pennsylvania. 
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And many more, in steel, magnesium, 






aluminum, copper, brass, bronze or 





special alloys... gauges .005” to .250 





. continuous eyaereltraerere from coiled 





strip, in widths from % to 30 .. Also 






flying or stationary shears for swiftly 





and cleanly cutting off such sections. 
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MODERN HANDLING METHODS | 
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NEW MUFFLE FURNACE APPLICABLE 
TO CARBURIZATION OR GENERAL TREATING 


A For increased flexibility in han- 
dling different batch type heat treat- 
ing operations, a new atmosphere 
muffle furnace is now offered by Sur- 
face Combustion Corporation, Toledo 
1, Ohio. Due to a new feature of de- 
sign the furnace can produce the 
proper atmosphere for gas carburizing, 
yet also is applicable for general heat 
treating. (Figure 1). In addition all 
the features of “Surface” Char-Mo 














Figure 1 — Surface Combustion stand- 
ard Char-Mo carburizing furnace. 


heat treating furnaces, including at- 
mosphere and uniform temperature 
distribution are provided. 

After producing the basic atmos- 
phere, the furnace utilizes a new gas 
enriching and recirculating system for 
gas carburizing (Figure 2). Instead of 
circulating all the gas in the muffle 
through the enriching system, thus 
tending to cool the entire amount, 
only about 10 per cent is removed 
from the muffle at any time. This gas 
is continuously withdrawn: near the 
door, and is first filtered to remove 
any free carbon which may have dis- 
sociated from the CO in the atmos- 
phere. After filtering the atmosphere 
gas, the enriching gas (raw material 
gas or propane) is added through a 
metering orifice. The gas then passes 
to the recirculating pump, which is 
of the positive displacement (vane) 
type. The gas under pressure is dis- 
charged at high velocity into a ven- 
turi within the muffle, inspirating 


into the venturi a large volume of 
muffle gases. These are mixed in the 
venturi and are discharged to recir- 
culate throughout the muffle. 

Indicative of the flexibility of the 
unit, conversion from a carburizing 
to a heat-treating atmosphere and 
vice versa can quickly be made with- 
out shutting down. Nor is it necessary 
to shut down for filter cleaning, since 
a twin filter unit is supplied. In oper- 
ating tests carried out over some 
months it has for instance been found 
convenient to use the unit for harden- 
ing work during the day, then operate 
it as a carburizer during the night 
shift. 

For rapid heating the furnace is 
equipped with over-muffle and under- 
muffle burners. The time to tempera- 
ture ranges from 2% to 3 hr. The 
heating rate is given below for heating 
a cold charge to 1700 F with the 
furnace initially at this temperature. 
The rapid rate of carburization obtain- 
able is indicated by the results on 
SAE 1020 steel, for which the time 
at temperature of 1700 F to obtain a 
case depth of 0.020 is 1 hr, and for 
0.070 is 7 hr. 

The furnace is available in three 
sizes, for light or medium batch oper- 
ations. 

The furnace utilizes a_ selective 
double door to facilitate handling 
pieces of various sizes with least loss 
of atmosphere. The inner door has a 
small opening for the insertion and 
removal of small pieces, whereas both 
doors may be opened for large pieces. 
Both doors are of air-lift type, oper- 


Figure 2 — Diagram of prepared atmo- 
sphere circulating system for car- 
burizing furnace. 
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LUBRICATION 
SERVICE FOR 
MACHINERY 


The monutacturer of 

machinery using LUBRI- 

PLATE for initial lubrica- 

tion wants the machine 

operator to continue to 

use it for service lubri- 
cation. LUBRIPLATE is the best lubricant 
for the job. That is why it was used in the 
first place. To assure you of o convenient 
source of supply of LUBRIPLATE, the ma- 
chine manufacturer put a tag with a post- 
card on the machine before he shipped it. 
Tear off the postcard, fill in your name and 
address and mail it to us. We will notify 
you of the name and address of the near- 
est LUBRIPLATE Dealer and see that he 
calls on you. 
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KNIFE-BLADE ASSEMBLY 


For Low Contact Resistance 
Non-Heating Wide Surface Areas 
And Quick Link Removal 
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4460 W. Lake St. Chicago 24, Ill. 











ated by a tilting treadle with manual 
selector. 

The control panel is mounted at 
eye level on the furnace shell to the 
left of the door. Two flow meters are 
regularly supplied, one for air to the 
generator, the second giving the flow 


| of carburizing (enriching) gas. The 
| charcoal container is mounted on top 


of the Char-Mo gas generator which 
is built into the furnace. The basic 
atmosphere gas for the furnace is 


A Spotted right in the production 
line, induction heaters of a new design 
speed the heating of bars or tubes for 
forging, upsetting or spinning — in 
seconds instead of hours. To facilitate 
handling of the work, the Ajax-North- 
rup heaters are mounted vertically on 
a compact control cubicle. 


The part to be heated, held in a 
fast-loading holding cup, is thrust up 
into the heating coil by a pneumatic 
ram. Power is applied, and is auto- 
matically cut off when the exact tem- 
perature is reached. The pneumatic 
ram then lowers the heated piece, 
which rolls to the forging machine -on 
conveyors. 


In the installation shown, at United 
Engineering and Foundry Company, 
three heaters are mounted on the con- 
trol cubicle. Two of the heaters work 





INDUCTION HEATERS USED IN 
FORGING PRODUCTION LINE 


made by reacting carbon (charcoal) 
with air in a generator built into the 
furnace so that the gas is formed at 
furnace temperature. A small portion 
of the generated gas thus formed is 
bled from the hopper to eliminate 
from the charcoal all*moisture and 
volatile products before it is used to 
generate the atmosphere gas which is 
introduced into the muffle. Filters are 
at floor level, easily accessible for 
cleaning. 


while the third is being unloaded and 
reloaded. Speed is one piece per min- 
ute for each heater, with 250 kw 
motor generator power source. Con- 
trols are simple to operate, and auto- 
matically timed to the split second. 

Each piece gets exactly the same 
treatment — top heat at the end, 
tapering off toward the unworked 
portion. On the press a few seconds 
later, the metal flows smoothly to 
form the correct shape. Practically 
any differential heating pattern can 
be achieved by proper coil design. 
Scale is negligible, resulting in longer 
die life and less die cleaning. 

Simply by changing the heater taps 
and the time cycle, or by substituting 
relatively inexpensive heaters of differ- 
ent sizes, the same Ajax-Northrup 
equipment can quickly be converted 
to many different heating operations. 


In this battery of three induction heaters, two heaters are working while the 


third is unloaded and loaded. 
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ARE YOUR TRUCKS 


MAKING THE GRADE? 


Gould Kathanode power gives your electric trucks 
extra flexibility. They will climb ramps to loading 
platforms even when heavily laden. Hoists can be 
operated while vehicles are still in motion. 

Gould Kathanode batteries meet extra power de- 
mands. One reason is the special design of the positive 
grid. Among other features this has double-wedge- 
type members. There is ample cross-section for 
conductivity, yet only a knife-like edge is exposed. 
Peroxidization cannot reduce battery efficiency 
prematurely. 

Investigate Gould power for your electric trucks. 
Write Dept. 412 for Catalog 100 on Gould Kathanode 
Glassklad Batteries for Industrial Truck and Tractor 
Service. 
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IMMERSION THERMOCOUPLE TAKES 


MOLTEN STEEL TEMPERATURE IN 45 SECONDS 


A An immersion thermocouple for 
molten steel temperature measure- 
ment has been announced by The 
Brown Instrument Company, Indus- 
trial Division of Minneapolis-Honey- 
well Regulator Company. The new 
thermocouple is referred to in the 
metallurgical field as a revolutionary 
advance in steel processing. The tem- 
perature of molten steel is measured 
within 45 seconds, regardless of steel 
composition and slag, with the Brown 


Electronik ‘“‘Continuous Balance” 
Potentiometer and the new immersion 
thermocouple. 


The thermocouple consists of a de- 
tachable angle-type immersion head 
and a long extension handle, as shown 
in Figure 1. The immersion head has 
a rugged detachable plug, an inner 
and outer condulet, a heavy graphite 
block for passage through the slag 
layer, a %-in. diameter fused silica 
protecting tube, and a 30-in. platinum 
and platinum-rhodium thermocouple 
with double bore sillimanite insula- 
tion. Although the overall height of 
the immersion tip is only 16% in., 
a 30-in. thermocouple is used with the 
excess wire coiled on a ceramic spool 
for use as needed. This length is suffi- 
cient for approximately 375 immer- 
sions. 

Available in 10-ft lengths for elec- 


tric furnaces up to 15-ft in diameter 
and 14-ft lengths for larger electric 
and open hearth furnaces, the exten- 
sion handle is of heavy durable con- 
struction. A secondary tube of 2-in. 
diameter extra heavy pipe surrounds 
that part of the handle exposed to 
intense furnace temperatures. The 
annular space between the extension 
handle and secondary tube is insulat- 
ed with rock wool to prevent possible 
overheating. On the end of the handle, 
a second detachable plug is provided 
for connection to the rubber-covered 
flexible extension leads connecting the 
thermocouple to the instrument. Pro- 
vision is also made for the user to 
attach a tee-handle if desired to fa- 
cilitate manipulation of the thermo- 
couple in the furnace. 

The Brown system for molten steel 
temperature measurement is shown 
schematically in Figure 2. This sys- 
tem, which utilizes an indicating and 
recording Electronik Potentiometer 
and the new immersion thermocouple, 
provides closer control of melting and 
refining operations than previously 
possible. The “Continuous Balance” 
operating principle of the Brown 
Electronik has resulted in its being 
used in all branches of the steel in- 
dustry, where accuracy, speed of re- 
sponse, and independence to the ef- 
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FIG. 2 SCHEMATIC PLAN OF IMMERSION THERMOCOUPLE IN USE 
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fects of dust, dirt, vibration, and 
ambient temperatures are important. 
Its large indicating scale, calibrated 
for this application with a tempera- 
ture range of 2200 to 3200 F is visible 
for more than 60 ft. 

In the molten steel temperature 
measuring system, the ElectroniK is 
provided with a high speed chart 
drive, so that the circular chart 
makes one complete revolution in 4 
minutes, and is provided with an 
automatic chart drive switch to start 
the chart in motion only when the 
thermocouple is immersed in the 
molten steel. These features provide 
maximum utility of the instrument 
under normal operating conditions. A 
detailed record of each temperature 
measurement is made, and as the time 
required for each measurement ranges 
from 30 to 45 seconds, a single chart 
will record as many as six heats, 
which is usually sufficient for a day’s 
operation on one furnace. 

Each step in the manufacture of 
the thermocouple wire is controlled 
with extreme care. The final product 
is carefully checked against govern- 
ment standards and has an accuracy 
of plus or minus 10 degrees at 2900 F. 

Each 30-in. thermocouple coiled on 
the ceramic spool is sufficient for about 
375 readings. After every sixth read- 
ing has been made, \4-in. is cut off 
the tip of the thermocouple, the re- 
maining wire checked for contamina- 
tion, and a new tip welded, annealed, 
and calibrated. Thermocouple wire 
cut off the tip is salvaged. Thus, the 
operating cost of the thermocouple is 
extremely low. 

The excellent heat transmission 
characteristics of fused silica in com- 
bination with carefully designed ther- 
mocouple components result in out- 
standing speed of response. The total 
time required for a complete tempera- 
ture measurement is 30 to 45 seconds. 
The overall accuracy of the complete 
system is within 10 to 12 degrees at 
2900 F. 

Reference to Figure 1 shows the 
sound construction of the immersion 
head. Every component used in the 
assembly has been selected with the 
steel maker in mind. Given reasonable 
care, the thermocouple will provide 
years of satisfactory operation with 
a minimum of maintenance. In addi- 
tion, the device is extremely portable. 
It is carried to the furnace when 
needed and replaced in a suitable rack 
or stand after use, requiring a mini- 
mum of floor space. 
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The immersion thermocouple has 
been proved by two years of contin- 
uous use in a steel melting shop to be 
a reliable and practical method of 
measuring the temperature of molten 
steel. The Brown Electronik used 
with the thermocouple is a tool for 
the melter and metallurgist. It has 
been applied to metallurgical research 
and in the field of electric furnace 
alloy steels has made possible ex- 
tremely valuable data. 


CARBON BRUSH REDUCES 
COMMUTATOR WEAR 


A Anexceptionally wide bend of com- 
mutation, high stability and long 
service life are among the advantages 
offered in a new carbon brush devel- 
oped by the Speer Carbon Company 
of St. Marys, Pennsylvania, for many 
types of industrial electric motors and 
generators. Known as grade No. 4029, 
this new Speer brush has demon- 








Dynamic 
DRYERS 


FOR SUB-ZERO DEW POINTS 


Kemp Dynamic Dryers are the answer 


to chemical process problems wherever 


moisture is detrimental. 


For Dehydrating... 


AIR © GASES ¢ LIQUIDS 


at pressures from atmospheric to 1500 Ibs. 


i C. M. KEMP Manufacturing Co. 


INERT GAS PRODUCERS 


FLASH ARRESTORS 
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strated its ability through tests to 
reduce commutator wear and mainte- 
nance. The maker also recommends 


it for generators and traction motor 
units on Diesel-electric locomotives. 
Grade No. 4029 is offered as a stand- 
ard single piece brush or in the Speer 
*“Multiflex”’ construction. 


ELECTRONIC FINGER 
CONTROLS CUTTING 


A An “electronic finger,’ which auto- 
matically controls the operation of a 
machine tool, has been developed by 
General Electric engineers. 


From shaping graceful candlesticks 
to highly-essential superchargers for 
aircraft engines — it’s all the same to 
a machine tool controlled by this new 
automatic contouring control system. 

In fact, almost anything that can 
be cut with a motor driven tool from 
a pattern or template can be pro- 
duced accurately and completely 
automatically with a machine equip- 
ped with this versatile device which 
literally has a “‘sense of touch.” 

The vital part of the “anatomy” of 
this human-like control device is an 
“electronic finger” which feels its way 
around the angles and curves of a 
pattern to control the operation of the 
catting tool. 

This feeler or tracing stylus com- 
prises, in electrical terms, two mag- 
netic bridges, each consisting of two 
identical magnetic circuits, one pair 
mounted on an axis at right angles to 
the other pair. The four magnetic 
poles are assembled on a diaphragm 
which is fastened to the stylus, a 
finger-like projection which touches 
the pattern or template. 

The rapid changes in direction of 
machine motion are dependent on 
fast motor control. The thyratron 
tube, a General Electric development, 
provides the means for controlling 
motor speed and direction from the 
translator circuit signals —and_ al- 
most instantaneously! So sensitive is 
the control over the motors, that each 
can be stopped or started in less than 
an eighth of a second. 

Provisions are also made on the 
master control panel for remote non- 
automatic operation of the contour 
equipment. By merely pushing a but- 
ton, an operator may release the 
automatic control and take over the 
operation of the machine himself. 
With this method, the speed, direc- 
tion, and control of the motors are 
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“| “Our 11 BAKER TRUCKS have given us 
Continuous 24 hour service for 4 years’ 
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ad Routine periodic inspection and lubrication pays substantial 
dividends in the operation of Baker Trucks at Thompson 

= Aircraft Products Company's mammoth new Cleveland plant. 

a 

ed 2A Here is a good example of what can be expected serving three shifts per day for nearly four years—the 

= p P — —— a ey her 4 neat t equivalent of 12 years of normal service. No truck 

operation, when properly cared for. According to N. J. 

n Shibley, Superintendent of Building and Property #8 been overhauled, there have been only a few 

a Maintenance at Thompson, their Baker Crane Truck minor mechanical failures, and maintenance has been 

Ss and ten Baker Fork Trucks are as good as new after almost negligible. 

if Actual time out of service averages less than 14 hour per day, per truck, divided as follows: 

n Daily check of Hydraulic System... 5 min. Other maintenance (Tires, brakes, in- 

n , . : spection and adjustment of electrical 

7 Battery changes (2 min. each shift) . 6 min. controls, ete.) 45 hrs. per month for 

g Weekly lubrication (45 min.)—per day 7 min. 11 trucks—per day 

e Total . 28 min. 


I- Except for the above and for a ten minute period To help you keep your Baker trucks operating continuously and to in- 
between shifts when trucks are idle, they have been sure long life, write for" Industrial Truck Care Pays Y ou Dividends,” 
> 


giving “round-the-clock” service for four years and, BAKER INDUSTRIAL TRUCK DIVISION 


: ee = of The Baker-Raulang Company 
says Mr. Shibley, “if we continue to take good care of 2166 WEST 25TH STREET + CLEVELAND, OHIO 


them, they should last indefinitely.” That’s Continuity! In Canada: Railway and Power Engineering Corporation, Lid. 
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handied by the operator through a 
system of push buttons and dial con- 
trols on the master panel. This man- 
ual operation is particularly advan- 
tageous in following an outline pattern 
instead of a cutout template. 

Extremely simple to operate, G.E.’s 
new control can be applied to many 
different types of metal cutting tools 
and is capable of a variety of intricate 
cutting operations, which, if done by 
complete manual operation, would in- 
volve many separate directional cuts 
and endless gage checks. 








CROCKER-WHEELER 
ADDS THREE MOTOR SIZES 


A With the addition of three new 
frame sizes, designated as B58-A, B 
and C, the Crocker-Wheeler Division 
of Joshua Hendy Iron Works, Am- 
pere, New Jersey, now offers a com- 
plete line of alternating-current, squir- 
rel-cage, protected type motors from 
1 to 200 hp. Priced the same as the 
conventional open type and rated 40 
C rise, full-load continuous duty, with 
a 15 per cent service factor, these 
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STEEL 
QUALITY 


OU find Hays Series ““OT’’ Pressure Recorders 
on many new and modernized open hearth in- 
stallations—and for just one purpose: to make a 
permanent record of furnace performance. Guess- 
work is eliminated, man power saved, and rejects 


cut to the minimum. 


On the 10-inch 24-hour charts you can have a 
record of two draft values, two pressure values, two 
differential values or any combination of two of 


those three values. 


Here’s a simple practical means to more effec- 
tive control of steel quality. Better get the facts 
about it—send for Bulletin 43-586. 


HIGAN CITY. INDIANA. U.S.A 





motors provide full protection against 
dripping liquids, falling metal chips 
and other foreign matter. 

Sizes built in NEMA standardized 
frames, 203 to 326 inclusive, have no 
openings in the frame or shields above 
the horizontal center line. NEMA 
standardized frames 326 to 505 as 
well as the three, newly added, larger 
sizes are basically the same in con- 
struction with the addition of two 
shielded, air exhaust openings in the 
upper half of the frame. The design 
of these openings precludes any possi- 
bility of falling liquids, etc., entering 
the motor. 


HIGH NICKEL-BEARING 
STEEL USED IN TUBING 


A A new application of the recently 
developed 9 per cent nickel steel in 
tubing designed especially for sub- 
zero temperatures was announced by 
The Babcock and Wilcox Tube Com- 
pany, manufacturers of the new prod- 
uct. This is the first time that this 
high nickel-bearing steel has been 
made available in tubular form. 

Developed primarily to answer the 
pressure tubing needs of plants han- 
dling liquified gases or other low tem- 
perature fluids, the new nickel steel 
tubing exhibits good physical proper- 
ties even at temperatures as low as 
minus 320 F (minus 196 C). 

According to H. D. Newell, Chief 
Metallurgist and Director of the Tube 
Company’s laboratory, the new prod- 
uct may be applied in low tempera- 
ture work as a substitute for 18-8 
stainless steel tubing, and it will have 
particular applications in oil refineries 
and the chemical industries. It is also 
probable that it can be used for spe- 
cial pump tubing in oil wells where 
salt water and hydrogen sulphide in 
the oil fluid present a difficult corro- 
sion problem. Other applications are 
in the tubes for black liquor evapora- 
tion (in the preparation of waste black 
liquor for burning in the Kraft paper 
industry), for caustic solution evapo- 
ration, and for alkaline-phenol solu- 
tion work. 

The new 9 per cent nickel steel 
tubing is capable of giving Charpy 
impact values as high as 25 foot 
pounds, even at the minus 320 F 
temperature. The new alloy will offer 
resistance to attack by alkaline media 
and to low temperature embrittle- 
ment to a greater degree than any 
other nickel alloy steel tubing regu- 
larly produced by the company. 
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The circuit breaking plugs and 


receptacles ... ratings up to 200 amperes 


Pyle-National plugs and receptacles are built to 
stand ur in mill service, delivering dependable 
service with minimum maintenance. The exclusive 
QuelArc construction provides exceptional protec- 
tion to contacts, for safe use as current rupturing 
devices. In the section view, note the complete 
enclosure of all contacts in insulating chambers 
which form an arc-trapping space. Note also the 
long distances from contact to contact and from 
contacts to ground. Contacts are individually re- 
newable. Full ground protection is provided. 


QuelArc plugs and receptacles are available in a 
complete range of styles, 2, 3, 4 wire types; ratings 
20, 30, 60, 100, and 200 amperes. Many other types 


available for portable tools and control and instru- 
ment circuits. Write for general catalog 1100 with 
listings of all types. 

THE PYLE-NATIONAL COMPANY 
1334-58 North Kastner Avenue « Chicago 51, Illinois 
Offices: New York, Baltimore, Pittsburgh, St. Louis, St. Paul, San Francisco 








CONDUIT FITTINGS e FLOODLIGHT PROJECTORS ¢ LOCOMOTIVE ELECTRICAL EQUIPMENT 
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Yew Literature 


A Principles of Industrial Process 
Control, published by John Wiley & 
Sons, Inc., New York, explains auto- 
matic control, measurement and proc- 
ess in a language that is understand- 
able to the student and worker and 
valuable as a guide and reference for 
the processor and his technicians. 

Written by Donald P. Eckman, 
engineer of Brown Instrument Com- 
pany, industrial division of Minneap- 
olis-Honeywell Regulator Company, 
the book is the first of its kind to be 
published concerning the overall basic 
fundamentals of the science of auto- 
matic industrial control. 

Subjects covered include: Measur- 
ing means of industrial controllers, 
characteristics of measuring means, 
modes of automatic control, final con- 
trol elements, process characteristics 
theory of automatic control, quality 
of automatic control, application of 
control engineering, automatic con- 
trol systems, maintenance of exact 
control. The volume ends with a 
glossary of 126 terms and definitions. 
It also provides 119 references. 

Under related headings the author 
has considered the various elements 
of error and lag, methods of regula- 
tion, cycling, pressures, humidity and 
air conditioning, maintenance and up- 
wards of 150 other sub-basic principles. 

Primarily, the volume is intended 

for the student in chemical, metal- 
lurgical, mechanical or electrical engi- 
neering. The growing importance of 
this subject to modern industrial 
processing has been acknowledged by 
the addition of courses in instrumen- 
tation and automatic control to the 
curricula of engineering colleges and 
technical schools. 
A Entirely revised to include the 
latest data on new are welding meth- 
ods and equipment, the eighth edition 
of the “Procedure Handbook of Are 
Welding Design and Practice” has 
just been announced by the publish- 
ers. 

Special effort has been made by the 
authors to provide complete informa- 
tion to help those in all fields of indus- 
try obtain the greatest possible bene- 
fits from the process of are welding in 
the design and construction of various 
parts and products and in the use of 
the process as a maintenance tool. 

This new edition of the book car- 
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ries many new illustrations, covering 
significant welding applications de- 
veloped in various phases of war pro- 
duction which heretofore have not 
been published due to restriction. 

In addition to standard data on 

welding symbols, speeds and costs, 
characteristics of metals, pre-heating, 
stress relieving, approach to welded 
design and other pertinent informa- 
tion, the newly revised Handbook in- 
cludes 1312 pages, 6x9 in., and costs 
$1.50 in the United States, and $2.00 
elsewhere. The Lincoln Electric Com- 
pany, Cleveland, Ohio, are the pub- 
lishers of the book. 
AA completely revised edition of 
Airco’s popular ““New and Improved 
Oxyacetylene Methods for Steel 
Foundries” is now being distributed 
by Air Reduction, New York City. 

This 30-page illustrated booklet 
contains descriptive information con- 
cerning the Airco-developed oxyacet- 
ylene processes which are now speed- 
ing production and reducing costs in 
steel foundries throughout the coun- 
try. 

The booklet demonstrates the ad- 
vantages of machine flame cutting in 
the removal of risers, gates and sprues. 
It also describes three other fast and 
economical oxyacetylene applications 
developed and perfected by Airco: 
flame scarfing to remove padding left 
where risers have been removed, flame 
gouging for the removal of webs, fins, 
and defects, and flame descaling of 
normalized and annealed castings. 

In addition, several sections are de- 
voted to the expanded use of oxygen 
lancing to start openings and of flame 
hardening for quick, localized surface 
hardening of castings. 

Copies of this booklet are available 
upon request to Air Reduction Sales 
Company, 60 East 42nd Street, New 
York 17, New York, or to any local 
Airco office. 

AA new catalog No. 2010-B has 
been issued by the Heavy Machinery 
Division of The Cleveland Crane and 
Engineering Company, Wickliffe, 
Ohio, describing Cleveland Steelweld 
bending presses and bulldozers. De- 
tails of construction are illustrated 
and tables of dimensions and speci- 
fications included. Data are also pro- 
vided on special bed and ram designs. 
Cleveland Steelweld presses are 


available in 29 different sizes for bend- 
ing, forming, drawing and multiple- 
punching plate from light gauge to 
one inch thick, and for lengths up to 
20 feet. Steelweld bulldozers are avail- 
able in sizes up to 220 tons bending 
capacity. 

The Cleveland Crane and Engineer- 

ing Company will be glad to furnish 
copies of catalog No. 2010-B upon 
request. 
AA booklet, ‘“Corrosion-Resistant 
Masonry Material and Construction 
Manual,” has been released by The 
U. S. Stoneware Company, Akron, 
Ohio. 

Prepared by the engineering staff 
of U. S. Stoneware, Bulletin 810 is 
full of helpful facts and suggestions 
pertaining to materials and construc- 
tion methods for tanks, towers, sumps, 
floors and other masonry construction. 
A The Industrial Finishing Division 
of the McAleer Manufacturing Com- 
pany, Rochester, Michigan has just 
issued a new, illustrated, 24-page in- 
dustrial finishing reference manual on 
“Polishing, Buffing and Deburring.” 

Among the finishing materials list- 
ed in this catalog are those old “‘stand- 
bys” of prewar days which have been 
retained because of proven usefulness 
and new finishing compositions devel- 
oped for postwar production finish- 
ing needs. 

For the man who uses or specifies 
industrial finishing materials, this 
booklet tells when and where to use 
what compositions, summarizes and 
interprets applications — offers help- 
ful suggestions for present-day finish- 
ing of all types of metals, non-metals 
and plastics. 

The McAleer catalog is free and 
available to all qualified industrial 
finishing material users. To secure a 
copy, write Industrial Finishing Divi- 
sion, Dept. P-1, McAleer Manufac- 
turing Company, Rochester, Michi- 
gan. 

A Wheelco Instruments Company, 
Chicago 7, Illinois, has issued a new 
edition of its Thermocouple Data 
Book and Catalog. Containing 32 
pages and designated Bulletin S2-6, 
it gives information on selection of 
proper thermocouples and carries in- 
stallation aids. It describes and lists 
prices and recommendations on ther- 
mocouples, thermocouple wire, lead 
wire, heads, connectors, plug and 
socket assemblies, insulators, and pro- 
tecting tubes. 

A A new 28-page book, describing 
P&H grab bucket cranes which are 
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R eaming in structural steel werk has its hazards because the men often 
work high above ground with narrow steelwork as their only support. 


Reaming with an air-operated Impact Wrench is safe and easy. The wrench 
is light enough to be used in all positions. The torque on the operator is so 
slight that in most cases the dead handle is not used, The steel worker can 
easily operate this tool with one hand, When finished, he removes the reamer 
and uses the same wrench to bolt up. 

The rotary impact action of the I-R Impact Wrench is ideal for reaming 
and produces a clean hole free from chatter marks. Reamers can be easily 
fitted to the wrench chuck by simply slipping one or two nuts, of the size 
used on the job, over the reamer shank, welding them fast and cutting off 
any projection. 

Some contractors have reported that by using the Impact Wrench to do 
both operations, reaming and bolting-up time has been cut in haif. 


Ingersoll-Rand. 


11 BROADWAY, NEW YORK 4, N. Y. 
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Here's how we build trouble- 
free service in Deltabeston Ap- 
paratus Cable Type AVA. 


1. Very soft, small 
copper strands— 
for greater flexi- 
bility and to with- 
stand vibration, 


2. Heatproof felt- 
ed asbestos — for 
protection against 
overload conductor 


heat. 
3. Varnished cam- 
bric—for moisture 
resistance and high 
dielectric s.rength. 
4. Felted asbestos 
. —for extra protec- 
tion against high 


ambient tempera- 


s tures. 
8. Asbestos braid 
—for high resist- 
ance to heat, mois- 


ture, oil, grease and 

















High Heat most corrosive 


Electrical circuits that run around boiler rooms, steam tunnels, 
soaking pits, pouring ladles and other hot spots are bound to 
fail frequently unless cable insulations can withstand high 
operating temperatures. One of the safest ways to provide un- 
interrupted electrical service in these torrid zones is to protect 
with Deltabeston Asbestos-insulated Power and Motor Lead 
Cables. These heat-resistant cables have proved in countless 
installations that the asbestos-insulation just won’t bake out 
despite constant, high heat. 


Is excessive heat is causing frequent power failures in your mill, 
investigate G-E Deltabeston Asbestos-insulated Cables now. 
Deltabeston is used extensively for power, lighting and control 
circuits especially where severe operating conditions prevail. 
General Electric manufactures a complete line of asbestos- 
insulated cables including many special designs. They’re con- 
structed not only to withstand excessive heat but high humidity, 
oil, grease and most corrosive vapors. 


For additional information write to Section Y1253-51 Appli- 
ance and Merchandise Dept., General Electric Company, Bridge- 
port, Conn. Deltabeston Wires and Cables are distributed 
nationally by Graybar Electric Co., General Electric Supply 
Corp., and other G-E Merchandise Distributors. 


GENERAL {% ELECTRIC 
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built for service on all types of jobs, 
large or small, has been issued by the 
Harnischfeger Corporation. Construc- 
tion details are given, and various in- 
dustrial applications are illustrated. 
Particularly suited for handling all 
types of bulk materials such as ores 
and solid fuels, these cranes are widely 
used in metal working industries. 
This book is available on request. 
Write the Harnischfeger Corporation, 
Milwaukee 14, Wisconsin. Ask for 
Bulletin C9-1. 


A A new bulletin on “Ellpro Cutting 
Electrodes,” for underwater or sur- 
face cutting, has been published by 
Ellwood Products Corporation. 

These highly efficient cutting elec- 
trodes were developed by Ellwood 
engineers and the U.S. Naval Experi- 
mental Sation at Annapolis. With 
the end of the war, the possibilities 
for Ellpro cutting electrodes in harbor 
clearance, salvage and certain con- 
struction operations can now be re- 
vealed. 

The new bulletin on Ellpro cutting 
electrodes gives complete details and 
specifications, together with a fully 
illustrated description on how to use 
the electrodes. The bulletin also de- 
scribes the Palmgren are oxygen kit 
for underwater cutting, used with 
Ellpro cutting electrodes. Copies of 
the bulletin are available direct from 
Ellwood Products Corporation, EIl- 
wood City, Pennsylvania. 


A The B. F. Goodrich Company, 
Akron, Ohio, has just published an 
attractive and well-illustrated 38- 
page booklet on industrial tires under 
the title “‘How to Save Money on In- 
dustrial Hauling Jobs and Equip- 
ment.” Copies are available upon re- 
quest to the company. 

The booklet opens with a discussion 
of how rubber industrial tires give 
six-way savings to users, less hauling 
time, floor wear, noise and deprecia- 
tion, reduced breakage and fewer ac- 
cidents. It then follows with a descrip- 
tion of scientific tests which prove 
that rubber tires do possess these ad- 
vantages. Care and maintenance of 
industrial tires is another featured 
section. 

Description with text and pictures 
of each industrial tire is followed by 
complete data. Ten pages are devoted 
to specifications for a partial list of 
power trucks and tractors by United 
States manufacturers, with the model, 
type, truck capacity, and tire sizes 
listed. 
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by 12 years 


You will probably grant that 3 or 4 years is more than a 
normal dependable lifetime for wire and cable operating in 
hot spots or under other severe conditions ... but if you 
multiply by 3 the number of years your war-installed circuits 
have been in service you'll get a better idea of just how old 
they really are. 

Another point to remember is that this premature aging 
was accelerated beyond calculation by ’round the clock year- 
to-year operation without rest cycles. All of which adds up 
to a lot of wire-failure possibilities in circuits that run around 
steam lines, furnaces, lehrs, annealers, soaking pits, or in 
boiler rooms, blooming mills or steam tunnels... power, 
control and lighting circuits that you may still consider too 
new to fail although they are already prematurely aged and 
unsafe! 

And don’t forget that a lot of the wire you put in when 
you had to take anything you could get wasn’t built to take 
the kind of service it had to stack up against . . . so for safety 
and uninterrupted service take a survey of your trouble spots 
and rewire with permanently insulated Rockbestos A.V.C. 
125 different standard constructions and National Electrical 
Code approved types to select from. For a catalog or infor- 
mation write to the nearest branch office or: 


ROCKBESTOS PRODUCTS CORPORATION 
113 NICOLL ST., NEW HAVEN 4, CONN. 


BUY U.S. VICTORY BONDS 


The Wire with Permanent Insulation 


NEW YORK BUFFALO CLEVELAND CHICAGO PITTSBURGH ST.LOUIS 


LOS ANGELES SAN FRANCISCO SEATTLE PORTLAND, ORE. 
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ROCKBESTOS A.V.C. 600 VOLT MOTOR LEAD CABLE 
(National Electrical Code, Type AVA—max. operating temp. 110°C.) 
Size No. 18 AWG to 1,000,000 CM insulated with two walls of 
impregnated asbestos and a high-dielectric varnished cambric 

insert, with a heavy asbestos braid overall, 

Heatproof, fireproof and resistant to moisture, grease and oil— 
_ the es cable pop Time is ee on—will not dry out 
and crack, won’t burn or carry flame and remains permanently 


flexible. For coil connections, motor and transformer leads 
where extreme heat and fire hazards are encountered as in 
steel mills, factories, etc. 





ROCKBESTOS A.V.C. 600 VOLT BOILER ROOM WIRE 
(National Electrical Code, Type AVA—max. operating temp. 110°C.) 
Sizes No, 18 to 8 AWG insulated with varnished cambric, impreg- 
nated felted asbestos and asbestos braid. Sizes 6 to 4/0 have another 

wall of impregnated asbestos next to the conductor, 

~y lighting and control circuits exposed to heat and moisture, 
grease, corrosive fumes or fire hazard, such as exist around 

fon uces, ovens, lehrs, soaking pits, boilers, etc., this widely 

used A.V.C. construction is ideal, Its permanent insulation will 

not bake brittle, crack, rot, flow or swell. 





ROCKBESTOS A.V.C. 600 VOLT SWITCHBOARD WIRE 
(National Electrical Code, Type AVB —max. operating temp. 90°C.) 
Sizes No, 18 to No. 4/0 A.W.G. with varnished cambric and 
felted asbestos insulation and gray, black, white or colored flame- 

proof cotton braid. 

Combine fire insurance and fine appearance in your switch- 
boards with Rockbestos Switchboard Wire. It is absolutely 
fireproof and will not dry out under heat. Sharp, clean bends 
can be made without cracking as the asbestos wall acts as a 
cushion under the braid. Rockbestos A.V.C. Hinge Cable and 
Switchboard Bus Cable have the same fireproof and heatproof 
characteristics, 





ROCKBESTOS A.V.C. 












Another New Rockbestos Firewall Construction — 

A 400°F, Wirel 
War-developed Rockbestos High-Temperature Wire 
—with a maximum operating temperature of 400°F .— 
designed for jet propelled plane applications and cir- 
cuits to hot-wing de-icers, fire detectors and extin- 
guishers, and air conditioning and heating units 
where baking temperatures destroy ordinary insula- 
tion. Under continuous operation at rated tempera- 
ture it retains its original dielectric strength and 
inherent resistance to heat and flame, and progres- 
sively tmproves in its resistance to moisture and 
abrasion. Now available for these and other severe 
applications, Write for complete information and 
samples, 
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3ROUPED OVER THE MILL IS A MORGAN 7'4-TON SOAKING PIT CRANE AND A MORGAN 200-TON 81’-3” SPAN UNIVERSAL TYPE INGOT STRIPPER 


With this Mill was furnished Auxiliary Equipment as follows — Front and Rear Tables 
with Manipulator — Approach Table — Ingot Buggy — Runout Tables — Slab Shear 
with Gauge — Crop Hoist — Pushers — Conveyor — Skid Bed and Furnace Tables, 


Above is shown a Morgan 36” two-high blooming mill complete with double 
manipulator, front and rear tables. Three mills of this type were recently furnished 
prominent mid-west steel producers. Housings are one-piece steel castings of the 
closed top type. Top roll balance is of the counterweight type. 

Manipulator is of the overhead type, compact and accessible. Tables are of heavy 
design, equipped with anti-friction bearings. Screw-down drive is arranged to 
provide crane hook access when changing guides. Provision is made for automatic 
lubrication and exclusion of scale and dirt. 


THE MORGAN ENGINEERING CO. 
ALLIANCE, OHIO. 1420 Oliver Building, Pittsburgh 





Persounel WYews 


Stephen B. Metcalfe has been named special engi- 
neer in charge of rope plant development for the Amer- 
ican Steel and Wire Company and will be located in the 
chief engineer’s office in Cleveland, Ohio. A. J. King 
has been appointed general superintendent of the New 
Haven and Trenton Works and will center his activities 
at New Haven. At the same time, Charles R. Chase 
has been made superintendent of the Trenton Works, 
succeeding Mr. King. 

Mr. Metcalfe has been employed by the wire com- 
pany since January, 1929, having started at the New 
Haven Works as a foreman in the wire drawing depart- 
ment. He held a number of positions in New Haven 
before being transferred to Trenton in August, 1938, as 
superintendent of that plant. Since January, 1942, he 
has been general superintendent of the New Haven and 
Trenton Works. 

Mr. King’s service with the wire company extends 
back to January, 1922, when he was hired as a rope 
machine operator at New Haven. He held a variety of 
positions in the production and sales promotion of wire 
rope at New Haven, Worcester, Massachusetts, Cleve- 
land, Ohio, and Chicago, Illinois. before being trans- 
ferred back to New Haven as chief rope engineer in 
September, 1939. In January, 1942, he was appointed 
superintendent at Trenton, which position he has held 
to the present time. 

Mr. Chase was first employed by the American Steel 
and Wire Company in June, 1916, as a tester at Central 
Works in Worcester. Following a 15-month period of 
service in the U. S. Marine Corps in World War I, he 
returned to the wire company and worked his way up 
through the ranks, being appointed superintendent of 
the wire department at Trenton in August of this year. 


Alexander S. Findlay, who for many years was chief 
electrical engineer, Youngstown district, Carnegie-IIli- 
nois Steel Corporation, has joined the Crocker-Wheeler 
Division of Joshua Hendy Iron Works, Pittsburgh dis- 
trict, in an engineering sales and service capacity. 








ALEXANDER S. FINDLAY 
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Mr. Findlay is a graduate of Carnegie Institute of 
Technology and a member of the National Society of 
Professional Engineers and has been identified with a 
great number of major engineering projects. 


E. U. Lassen has been appointed assistant chief 
engineer for Cutler-Hammer, Inc., Milwaukee, Wiscon- 
sin. 

Mr. Lassen, a native of Norway, obtained his tech- 
nical education at the Federal Institute of Technology, 
Zurich, Switzerland, receiving the degree of Electrical 
Engineer in 1923. The following year he came to the 
United States and joined the Cutler-Hammer organiza- 
tion as a draftsman. Later in 1924 Mr. Lassen trans- 
ferred to the company’s engineering department as a 
designing engineer. In 1930 he was made an engineer 
supervisor and in this capacity his responsibilities reach- 
ed into many different divisions of the company’s activ- 
ities. 


Adam J. Hazlett, of the Jones and Laughlin Steel 
Corporation was elected a director and member of the 
executive committee by the board of directors. He has 
been vice president in charge of sales since July 27, 
1944 and has been with J & L since 1938 when he came 
to the company as manager of the strip-sheet sales de- 
partment. Mr. Hazlett, after graduation from college, 
was employed by West Penn Steel Company in the 
operating and sales departments; later became sales 
manager and then president of Eastern Rolling Mill 
Company, which position he held until he came with 
Jones & Laughlin. 


J. L. Singleton has been appointed manager for the 
60 district offices of the Allis-Chalmers general machin- 
ery division’s sales department, announces William C. 
Johnson, vice-president. 

Assistant manager of the steam turbine department 
prior to his appointment, Mr. Singleton joined Allis- 





J. L. SINGLETON 





Cranes represent an important durable goods 
investment, anticipating long care-free service 
as exemplified by the Hyatt equipped units 
built by the Whiting Corporation. 

The reason Hyatt Roller Bearings have been 
and continue to be the outstanding choice for 
cranes, trolleys and hoists is because they meas- 


=e 


ure up to the three essential requirements:— 
rugged durability—simplicity—and minimum 
of maintenance required. 

Millions of rollers roll in Hyatt Roller Bear- 
ings throughout all industry, agriculture and 
transportation. If you have a bearing problem 
why not diseuss it with Hyatt engineers? 


HYATT BEARINGS DIVISION - GENERAL MOTORS CORPORATION 


Harrison, New Jersey - Chicago - Detroit 


¢ Pittsburgh - Oakland, California 
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FRANK W. KELSEY 


Chalmers in 1926 after receiving a B.S. degree in me- 
chanical engineering from Alabama Polytechnic Insti- 
tute. He was granted a leave of absence to work as a 
power plant engineer for a large Chicago firm in 1928, 
returned to the Allis-Chalmers Denver district office, 
and was made district office manager there in 1938. 
Mr. Singleton was transferred to the West Allis works 
as assistant to the manager of the steam turbine depart- 
ment in 1942 and became assistant manager seven 
months later. 


H. J. Griffith has been appointed assistant to the 
general superintendent of the Vesta-Shannopin Coal 
Division of the Jones and Laughlin Steel Corporation. 
Prior to his present appointment, Mr. Griffith was 
manager of safety and welfare for Jones and Laughlin. 


Frank W. Kelsey succeeds Mr. Griffith as manager 
of safety and welfare. He was formerly superintendent 
of safety and welfare at the J & L Aliquippa Works. 


J. B. Laird of Laird and Johnson, Union Trust 
Building, Pittsburgh, Pennsylvania, has retired from 
active business effective November 1, 1945. 


@R. T. Johnson will continue as Johnson Machinery 
Sales, Union Trust Building, Pittsburgh, Pennsylvania, 
to handle Northern Engineering Works products, con- 
sisting of electric overhead traveling cranes and electric 
and air operated hoists. Mr. Johnson will also represent 
the Hill Acme Company, Canton Division, who manu- 
facture alligator shears, portable cranes and special 
machinery. 


R. C. Talbott recently plant engineer at Salt Lake 
City, Utah, for the Geneva Steel Company, is now 
associated with the H. C. Frick Coke Company, Union- 
town, Pennsylvania as construction engineer. 


Charles Schenck, engineer of development, Beth- 
lehem Steel Company retired on October 31. 

Mr. Schenck studied civil engineering at the Uni- 
versity of Illinois. He was employed by Chicago firms 
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until 1901 when he was made an instructor at the 
Lewis Institute, Chicago, now the Illinois Institute of 
Technology. He became superintendent of the car shops 
of the Chicago Railways Company in 1908, continuing 
there until 1910. 

In 1910 Mr. Schenck became works manager and 
chief engineer of the Elevator Supply Company of 
Chicago and Hoboken, New Jersey, and in 1916, works 
manager for Budd Wheel Company of Philadelphia. 4 

Mr. Schenck left the Budd Company in 1918 to be- 
come production engineer with Bethlehem Steel Com- 
pany at the Bethlehem plant. He remained in this 
position until 1934, when he was appointed engineer of 
development in the development and research depart- 
ment. 


Maynard R. Born, former engineer with the Colum- 
via Steel Company at San Francisco, California, has 
recently accepted a position as engineer in the chemical 
division of Shell Oil Company, Inc., Houston, Texas. 


Dr. W. R. Lankford, Jr., has been appointed devel- 
opment engineer in the research and technology depart- 
ment of Carnegie-Illinois Steel Corporation. He suc- 
ceeds Dr. J. R. Low, Jr., who has been appointed head 
of the department of metallurgy at Penn State College. 

A native of Tennessee, Dr. Lankford earned his 
doctor of science degree in metallurgical engineering at 
Carnegie Tech. He was a teacher’s assistant at Carnegie 
Tech from 1941 to 1943 and was a research metallurgist 
there from 1943 until last May when he went to Penn 
State in the same capacity. He will specialize in research 
regarding the mechanical properties of metals. 

Dr. Low will continue with the Carnegie-Illinois re- 
search division as a consultant. He is a native of Wash- 
ington, Pennsylvania and was an assistant professor of 
metallurgy at Penn State before joining Carnegie- 
Illinois. 


E. G. Puttnam is now associated with the Kaiser 
Engineers at Oakland, California. Mr. Puttnam was 
formerly with the Carnegie-Illinois Steel Corporation, 
Clairton, Pennsylvania, as design engineer. 
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We are sometimes asked what is the secret of the materially increased 


production, improved quality and lower unit cost resulting wherever 


F.E.I. direct fired furnaces are installed. 


No one feature accounts for it all—it’s a combination of engineering 


skill, combustion know-how, new principles, and careful manufac- 


ture. These, taken together, make up the F.E.I. direct fired system 


—a system showing tangible and profitable advantages in every 


installation made to date. 


Call on F. E.I. engineers to help you meet changing production 


schedules by reconversion of your old, or installation of new 


equipment. Write today. 


Direct Fired Cover 
Annealing Furnaces, 
for coiled strip, tin 
plate, flat sheets, 
wire and rod, 


Spheroidizing, Nor- 
malizing and Bright 
Annealing Furnaces. 


Galvanizing, Patent- 
ing, Lead Annealing 
and Salt Bath fur- 
naces for the wire 
industry. 


Galvanizing Furnaces 
for pipe, sheets and 
job shops. 


Conversion of any 
existing Cover An- 
nealing Furnace to 
F.E. 1. direct fired 
system. 


FURNACE ENGINEERS, Ac. 


Specializing in the design, manufacture and installation 


ts.2! 


WEST 


LIBERTY AVENUE 


of furnaces for the metal working industries 


PITTSBURGH, PA. 
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Louis T. Barry has been appointed manager of the 
power and industrial division of the Electric Service 
Manufacturing Company, Philadelphia. Prior to service 
in the armed forces as lieutenant colonel, Mr. Barry 
was manager of the Pittsburgh office of the company. 
He will now be located in Philadelphia headquarters. 


Dr. William T. Griffiths, of London, has been elect- 
ed a vice president and director of The International 
Nickel Company of Canada, Limited. In both these 
offices, he succeeds the late David Owen Evans, Liberal 
member of Parliament for Cardiganshire, North Wales, 
from 1932 to the time of his death on June 11, last. 

Dr. Griffiths is chairman of The Mond Nickel Com- 
pany, Limited, the British affiliate of International 
Nickel. Joining Mond in 1926, Dr. Griffiths had been 
manager of its development and research department 
since 1928. He is president of the Institute of Metals of 
Great Britain. 


Charles H. Jennings, director of welding research 
for the past nine years, becomes engineering manager of 
the welding department in the motor division of the 
Westinghouse Electric Corporation. John H. Blanken- 
buehler is made manager of arc welding apparatus, 
while E. Hill Turnock, Jr., is made manager of arc 
welding electrodes. 

Born in Des Moines, Iowa, Mr. Jennings received a 
Bachelor of Science degree in mechanical engineering 
from Iowa State College, at Ames. He enrolled in the 
Westinghouse Graduate Student Course upon gradua- 
tion in 1928. and was assigned to the mechanical divi- 
sion of the research laboratories. He was transferred to 
the chemical and metallurgical division of the labora- 
tories and took charge of all welding research in 1936. 

In 1937 Mr. Jennings was called to England as con- 
sultant welding engineer for the English Electric Com- 
pany, and in the same year supervised all electric weld- 
ing on the famed Westinghouse ‘‘atom-smasher.”” He 
was awarded the Company’s Order of Merit for dis- 
tinguished service in welding research and application. 

A native of Elizabeth, Pennsylvania, Mr. Blanken- 
buebler was graduated from Lehigh University, Beth- 
lehem, Pennsylvania, in 1923 with a degree in electrical 
engineering. He joined Westinghouse immediately as a 
student in the training course, became a design engineer, 
and has specialized in the design and development of 
welding apparatus and equipment. Mr. Blankenbuehler 
was awarded the Company’s Order of Merit in 1936 
for his outstanding engineering work in the develop- 
ment of welding apparatus. 

Born in La Grange, Illinois, Mr. Turnock attended 
the University of Wisconsin and Carnegie Institute of 
Technology, receiving his Bachelor of Science degree in 
chemical engineering in 1918. He served as a second 
lieutenant in the Army Engineers in France during 
World War I. Joining Westinghouse in 1926 as an in- 
sulation engineer, he was assigned to the development of 
welding electrodes a decade ago. Mr. Turnock, who won 
the Company’s Order of Merit award last year, is a 
member of the American Welding Society. 


J. D. Eby, manager of purchases of the Wagner 
Electric Corporation was elected to the secretaryship 
of the company on September 26, 1945, filling the va- 
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In L-R Resilient Alignment Couplings, half the load cushions are 
idlers (except on reversing load). Hence there is always a new 
set of cushions in the coupling. This eliminates shutdowns, as 
cushions can be quickly interchanged without tearing down 
coupling. 


FLEXIBLE 
COUPLINGS 


@ Correct for misalign- 
ment. 


@ Take up shock and vi- 
bration. 


@ Have greatest flexibility. 
@ Need no lubrication. 


Here is an L-R of most rugged “ u 
construction for hard and heavy L-R Type WwW 





duty — 2 to 2500 h.p. Individual 
free-floating load cushions be- @ 
tween metz:l jaws, are free in- 
stantly to adjust to any emer- 
gency. Cushions are always in 
sight for inspection. Leather, 
rubber duck, armored rubber, 
etc., — material best adapted to 
particular service. 





There’s an L-R for every re- 
quirement from 1/6 to 2500 h.p. Pat. and Pats. Pending 


Send for complete Catalog, and 
Quick-Finding Selector Charts 
that lead you right to Couplings 
you need. Should be in every 
engineer’s file. Special coup- 
lings also engineered to require- 


ments. Write 





Lovejoy Flexible Coupling Co. 


5016 W. LAKE ST., CHICAGO 44, ILL. 
Pittsburgh Office: Edw. J. Boyle Co., 508 Grant St. 
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MORGANITE 
arbon Piles 








The juggler’s control is easier of achievement if 
the objects being tossed are identical in every 
way. 

His choice, in this case, is a happy one because 
“Link Control” is the guarantee that each piece 
is identical with its neighbor. 


The “control” exercised at our mines, in the 
selection of raw material, is “linked” to the 
“control” practiced at each stage of manufac- 
ture. Each inspection is another link in the 
chain. With “Link Control” on the job you get 
every piece to exact specification. 


Use MORGANITE and know you're right. 


MORGANITE 


BRUSH COMPANY, INC. 


LONG !tSLAND CITY t+ + NEW YORK 
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cancy created by the death of the former secretary, 
J. W. Westcott, on July 20, 1945. Mr. Eby assumes 
these new duties in addition to his present responsibili- 
ties as manager of purchases. 

Mr. Eby began his apprenticeship with the Wagner 
Company in 1906. He was made production manager in 
1912. In 1916 he transferred to the purchasing depart- 
ment and has been manager of purchases for a number 
of years. 

In addition to managing the company’s huge wartime 
purchases, Mr. Eby participated in many war activities. 
He served various governmental agencies concerned 
with priorities and material controls; was an automotive 
industry advisor to WPB; Washington chairman of the 
material control committee of the Automotive Council 
for War Production; and during 1942 he served on one 
of the NEMA committees dealing with war production. 


K. G. Baker is back with Wagner Electric Corpo- 
ration (Indianapolis Office) as a field engineer after 
over three years’ active duty with the army. Mr. 
Baker is a veteran of both world wars, having served 
overseas both times. Mr. Baker’s record with Wagner 
dates back to March 1, 1929, when he joined the 
company as_ sales-engineer, working out of their 
Cincinnati office. In the fall of 1931, he was transferred 
to the Indianapolis office which was his headquarters 
until he returned to the army in 1942. 





ROBERT M. HATFIELD 


Robert M. Hatfield has resigned as deputy vice 
chairman of the war production board to become 
assistant general sales manager of Combustion En- 
gineering Company. 

A mechanical engineering graduate of Purdue 
University, class of 1932, Mr. Hatfield came with 
Combustion Engineering Company in 1934 as a student 
engineer, subsequently serving in the service and 
erection department, the proposition department and 
then as sales engineer in the Cleveland office. In 1942 
he went to Washington as chief of the boiler section of 
the power branch, WPB under J. E. Krug and later 
became director of the production scheduling division. 

He resigned from WPB in May 1944 to accept a 
commission in the navy, and in November of that year 
was assigned back to WPB to take charge of the navy 
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repair parts program. Last April he was placed on 
inactive status by the navy to become deputy vice 
chairman for production of WPB which position he 
held until the war production board was abolished on 
November 2, 1945. 


James E. Lounsbury, Jr., has joined the editorial 
staff of “Industrial Heating’, Union Trust Building, 
Pittsburgh, Pennsylvania. During the past five years 
he was associated with the chemical laboratories and 
metallurgical departments of the Jones and Laughlin 
Steel Corporation at its Pittsburgh Works. 


Luther D. Shank has been appointed Philadelphia 
district manager, with offices at 1217 Race Street, 
Philadelphia 7, Pennsylvania, for the Appleton Electric 
Company of Chicago, Illinois. 

Mr. Shank comes to this new connection from the 
war production board where he was chief of the elec- 
trical materials section. Prior to going to the war 
production board in 1942, Mr. Shank was associated 
with the middle department, National Board of Fire 
Underwriters, Philadelphia. 






William A. Davidson has been appointed Pitts- 
burgh district manager, with offices at 418 Bessemer 
Building, Pittsburgh 22, Pennsylvania. 

Mr. Davidson, who is an alumnus of Temple Univer- 
sith, has been engaged in sales activity in the electrical 
field in Pittsburgh for the past five years and replaces 


C. L. Snyder who has retired. 


George K. Bradfield, Jr., has been appointed an 
assistant vice president of American Car and Foundry 
Company. In his new capacity Mr. Bradfield will 
assist E. D. Campbell, vice president in charge of 
engineering. 

Mr. Bradfield was born in New York. He graduated 
from Stevens Institute of Technology in 1922 with the 
degree of mechanical engineer. He immediately 
became associated with the Public Service Gas and 
Electric Company of New Jersey. He came to American 
Car and Foundry Company in 1933 to work in the 
New York engineering department; and in May 1939 
he was transferred to the ACF Berwick, Pennsylvania 
plant to assist in passenger car design. 

When the company entered upon its vast war work, 





-SELF-ALYN SLIPPER BEARINGS 


The GATKE Invention that Revolutionized 
Universal Coupling Performance .. . 


@ 10 times longer service. 
Eliminate Socket Scoring and Wear. 


Avoid costly machine shop work. 
End destructive vibration. 
Stop pounding noises. 


Gatkorvse Jearing 


Mr. Bradfield’s services were utilized to the fullest 
extent by the ordnance division of ACF which was to 
engage in building light combat tanks for the U. S. 
Army. Mr. Bradfield served as general superintendent 
of ordnance for the company and in 1943 when other 
manufacturers began to build the light tank, he was 
transferred to Detroit as liaison with other companies 
and army ordnance on the light combat tank. In 
February 1944 he returned to New York as assistant 
director of research and continued in that post until 
his recent appointment. 
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Peerless engineering is precision engineering that permits ' 
closer tolerances which eliminate the customary vibration © 
to an unusual degree. Thus, wear and tear are reduced; , 
repair bills consequently are the lowest known. The most — 
vital parts of a Peerless Pump are doubly protected... 
by a Double Seal and Double Bearings... plus rugged 
construction ... that more than double the productive life 
of the pump. 


PEERLESS PUMP 
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4OS ANGELES 31, CALIFORNIA 
DIVISION 30) West Avenue Twenty-six 
, WL. * CANTON 6, OHIO 





Food Machinery Corp. 













Prevent Grease slinging. 


Made to fit without machining for 
all sizes and types of UNIVERSAL 


COUPLINGS. 


Information on request. 











GATKE CORPORATION - 228 N. La Salle - CHICAGO 
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MOTOR FAILURE 


This Yoder electric-weld tube 
mill is a line of separately driven 
machines, all perfectly synchron- 
ized and so interdependent that 
the failure of any one of the 
driving motors would stop the 
whole mill. 


Continuity of operation is “in- 
sured” against failure by the anti- 
breakdown design and construc- 
tion of the Crocker-Wheeler 
motors that power the successive 
tube-making steps. Here are four 
of the protective features that 
assure trouble-free, long-term 
service from the 47 Crocker- 
Wheeler motors used in the mill. 


1. Patented bearing seals permit use of 
softer grease, for better lubrication and 
longer bearing life. Bearings require re- 
greasing only once a year or even less 
frequently. 

2. Varnish treatment of windings reduces 
hot-spot temperatures and lengthens in- 
sulation life. Prevents vibration of motor 
windings. 

3. Dynamic balancing of squirrel-cage 
rotors and d-c motor armatures assures 
practically vibrationless operation. 


4. Where required, motor frames are de- 
signed to prevent dripping liquids and 
falling metal particles from entering the 
motor interior. 

From coiled strip to finished 
tube, Crocker-Wheeler protected 
power is “always there” provid- 
ing dependable service with 
minimum maintenance. 


If you have an application where 
trouble-free motor operation is 
a “must”, write for complete 
information on whatever type of 
motor you will need. 


Main section of “straight line’ mill built 
by Yoder Co. for production of resistance 
welded steel tubing at a rate of 65 to 85 
feet per minute, from coils of unpickled, 
hot rolled stock. 









One of the two Crocker-Wheeler 3/5 hp 
motors driving the conveyor section of the 
Yoder tube mill. 





A Crocker-Wheeler 150/200 hp motor drives 
the forming mill section. 








4—15 hp — Cut-off 

2— 3/5 hp — Wash Machine 
1 — 3/5 hp — Paint Machine 
2 — 3/5 hp — Conveyor 


1— 7, hp — Coil Box 
1— 7! hp — Elevator 
3— % hp — Pump Motor 
1— 15 hp — Cut-off 

2— 3 hp — Burring 

2— 3 hp — Runovt 

1— 3 ho — Deburring 


WNW ww 


— 1 





THIS YODER TUBE MILL IS EQUIPPED WITH THE FOLLOWING CROCKER-WHEELER POWER UNITS: 


Direct Current Motors 
2 — 3/5 hp — Cut-off Conveyor 
1 — 150/200 hp — Forming Mill 
1— 20 hp — Pinch Roll 
1 — 75/100 hp — Sizing Mill 
Alternating Current Motors 
— 3 hp — Hydro test 
3 hp — Loader 
3 hp — Unloader 
5 hp — Rotary Cut-off 
5 hp — Stationary Cut-off 
0 hp — Scrap chopper 
5 hp — Electrode Rotator 


Motor-Generator Set 
1 — 1000 KW — Motor Generator Set 


1— 30 hp — Leveller 
1 — 40 hp — Trimmer 
1— 5 hp — Pinch Rell 


hp — Deburring 
hp — Hydro test 
hp — Hydro test 
hp — Paint Machine 
hp — Wash Machine 
hp — Paint Machine 
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gi CROCKER-WHEELER ELECTRIC 


A DIVISION OF JOSHUA HENDY 
: oe: . Branch Offices: BOSTON-BUFFALO+CHICAGO+CINCINNATI -CLEVELAND+ DETROIT -LOS ANGELES ~NEW YORK+PHILADELPHIA+PITISBURGH+SAN FRANCISCO WASHINGION 
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IRON WORKS, 


GENERATORS 


AMPERE 20, NEW JERSEY 





FLEXIBLE COUPLINGS 
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Harry W. Gleichert of the Columbia chemical 
division of the Pittsburgh Plate Glass Company has 
been appointed director of sales for the division. 
Mr. Gleichert has long been associated with the 
Columbia chemical division starting with the company 
in 1920 and being employed successively in the labora- 
tory, development department, plant operation, tech- 
nical service, and manager of special products of the 
sales department. In 19387 he was made assistant 
director of sales. Mr. Gleichert will be located at the 
executive sales office in Pittsburgh, Pennsylvania. 


J. K. Keogh has been appointed manager of the 
Allis-Chalmers Manufacturing Company’s Pittsburgh 
district office. Mr. Keogh joined Allis-Chalmers in 
1904. He completed the company’s training course for 
graduate students, later joining the service and erection 
department. 

After returning from the army in 1919, Mr. Keogh 
joined the Pittsburgh district office as field engineer. 
His many years of work with steel manufacturers in 
the Pittsburgh area has made him a well known figure 
in the steel industry. 


Nolan E. Watkins has been appointed director of 
safety in the Gary Sheet and Tin mill industrial rela- 
tions department, Carnegie-Illinois Steel Corporation. 
Mr. Watkins has been associated with the company for 
the last 33 years and formerly served as assistant to 
the division superintendent of the tin mill. His other 
previous experience includes budgetary control, sheet 
mill finishing and standard costs. 


Obituaries 


Frank C. Angle, manager of the general machinery 
division field sales offices, Allis-Chalmers Manufacturing 
Company, Milwaukee, Wisconsin died October 25 after 
an illness of several months. 

Mr. Angle, who was 45, has been field sales manager 
since 1944. He joined Allis-Chalmers in 1929 as a 
salesman in the Chicago office. In 1934 he joined the 
companies’ San Francisco office and became manager 
of that office two years later. In 1948, Mr. Angle was 
appointed Pacific regional manager. 

Mr. Angle was born at The Dalles, Oregon and 
received his B.S. degree from Oregon State College in 
1923. He came to Allis-Chalmers after six years with 
the Elliot Company. 


William E. Kane, founder and head of Kane and 
Roach died Thursday, October 11, 1945. Mr. Kane 
was known throughout the country for his brilliance 
in machine design, and has to his credit a long list of 
inventions among which are the cold roll forming 
machine, the straightener and the wrapping type 
bender, all of them widely used in industry. He also 
invented wheel drills, hydraulic presses, and other mass 
production tools. Mr. Kane was a deep student of 
archaeology, and made many trips to South America, 
Egypt and other lands. 
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QUICK DROP 
MAGNET CONTROLLE] 


With arc suppressor and quick dro 
automatic for any class of materiz 


























Closed Open fer Inspection 







Two main switches open circui 
in series. Reverse and quic: 
drop are automatic. Master cor 
tacts carry control circuits only 







The arc suppressor reduces th 
arc so it is not harmful or di: 
agreeable. Contact tips are thu 
saved. Arc shields do not bur! 










This controller makes possib! 
6 or more lifts per minute whic 
is as fast operation as any Ww 
have ever observed in practic 
















The Ohio Electric 
Manufacturing 
Company 


$907 Maurice Ave., Cleveland 4, O 
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TURBINES + HELICAL GEARS - 


WORM GEAR SPEED REDUCERS 


CENTRIFUGAL PUMPS «+ CEN- 


TRIFUGAL BLOWERS and COM.- 


PRESSORS + IMO OIL PUMPS 
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Axial section of De Laval 1,000 c.f.m. 
pedestal-mounted single-stage blower. 


Axial section of De Laval 100,000 
c.f.m. turbine-driven multistage blower. 
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DE L = PRESSORS 


De Laval blowers and compressors are available in all sizes for capacities up ‘ 
to 100,000 c.f.m. and above, and for pressures of from a fraction of a pound 
to 100 pounds per square inch and above. 

For operations requiring the use of centrifugal blowers, compressors or 
exhausters, our engineering specialists are at your service for consultation. 


3829 





SALES OFFICES: ATLANTA * BOSTON * CHAR- 
LOTTE * CHICAGO * CLEVELAND * DENVER 
DETROIT * DULUTH * EOMONTON * GREAT 
FALLS * HAVANA + HELENA * HOUSTON 
KANSAS CITY + LOS ANGELES * MONTREAL 
NEW ORLEANS * NEW YORK * PHILADELPHIA 
PITTSBURGH * ROCHESTER + ST. PAUL * SALT 
LAKE CITY SAN FRANCIS ’“O© + SEATTLE 
TORONTO * TULS& * VANCOUVER + WASH 
INGTON, D.C. + WI (MIPEG 





IRON AND STEEL ENGINEER, DECEMBER, 1945 I 











The Largest Blowpipe 
in the Worid 


Makes this Job as Easy as it Looks 


It takes just 15 minutes to slice through an ingot of this size. 
For eight hours a day, five days a week, this giant OxweLp C-45 
oxy-acetylene blowpipe and another just like it are in operation at 
this mill slitting ingots for scrap. 


IF YOU CAN USE A RAPID METAL-CUTTING METHOD... 


If a fast, economical method for cutting heavy ingots, risers, or 
forgings, will increase efficiency of operations in your plant, get in 
touch with the nearest Linde representative. He will help you to 
determine if your job can be done better by methods developed by 
The Linde Air Products Company. 


BUY AND HOLD UNITED STATES VICTORY BONDS LINDE OXYGEN 
PREST-0-LITE ACETYLENE 


THE LINDE AIR PRODUCTS COMPANY UNION CARBIDE 


OXWELD, PUROX, PREST-0-WELD, 
UNIONMELT APPARATUS 


30 E. 42nd St., New York 17. N. Y. 18 Offices in Other Principal Cities OXWELD AND UNIONMELT SUPPLIES 


Unit of Union Carbide and Carbon Corporation 





In Canada: Dominion Oxygen Company, Limited, Toronto 


The words “Linde,” “Oxweld,” “Prest-O-Lite,” “Prest-O-Weld,” “Purox,” “Union,” and “Unionmelt” are trade-marks of Union Carbide and Carbon Corporation or its Units. 
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EXPLOSION HAZARDS REDUCED 
1. Automatic Readjustment of fuel-air ratio insures 


proper mixture for safe efficient combustion. 


2. Limit stops and accurate draft control protects 
against loss of ignition at low ratings. 


3. Interlocks may be provided to trip out equip- 
ment upon failure of related units. 


4. Purge interlocks insure safety in lighting-off. 


OPERATORS FREE TO ACT 


In emergencies control automatically carries on 
leaving the operating personnel free to concentrate 
on the cause of the emergency. 


SAFE STEAM TEMPERATURE 


Prime movers, superheaters, valves and piping are 
protected against excessive steam temperatures 
by superheat control. 


NORMAL WATER LEVEL 


Damage to turbines from water carry-over and to 
boiler tubes from low water is avoided by effec- 
tive feed water control. 


BOILER FEED PUMPS 
Automatic by-pass control protects feed pumps 
at low rates of flow. 








BAILEY METER COMPANY 
1047 Contr. 4, for > a on an 10,, OHIO 
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For Measuring 
Molten Steel Temperatures 





IMMERSION THERMOCOUPLE FOR 
MOLTEN STEEL TEMPERATURES 


gevenqn 15006 THE BROWN INSTRUMENT COMPANY 


QUICK DISCONNECT PLUG 
a INTERCHANGE ABLE 
ANOLE WEAD ASSEMBLY 


. a ft 6-3" orn 10'-3" - — wae 
INSULATED SECTION ‘ 


CONDULET FOR 
2" PIPE THERMOCOUPLE 
TERMINALS 


Poresbecets 
3/4” PIPE TEE FOR " 


EXTENDING HANOLE ASBESTOS WICKING AROUND UNION 
ViEW SHOWS CONNECTION OF RE- 


PLACEABLE HEAD TO INSULATED MANOL Bs 
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FIG. 2 SCHEMATIC PLAN OF IMMERSION THERMOCOUPLE IN USE 
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The Brown ElectroniK Potentiometer — offering twice the 
sensitivity of any other potentiometer on the market — PLUS 
a new platinum thermocouple construction, makes possible 
temperature measurement of molten steel in electric arc and 


open hearth furnaces. 


Operating on the “Continuous Balance” principle — which 
uses (instead of a galvanometer) a compact electronic unit to 
detect process temperatures with super sensitivity, speed, 
precision and ruggédness — the Brown ElectroniK provides 
closer control of melting and refining processes than has 
heretofore been possible. 
The platinum thermocouple assembly, specifically designed The operator of the new Immersion Thermocouple inserting the immersion head into on 
‘ . electric arc furnace at the Rustiess Iron and Steel Corporation's plant, Baltimore. The 
for bath temperature measurement, is a practical answer to head was immersed in the molten (stainless) steel for 45 seconds. Temperatures of the 
5 r : 4 steel ranging from 2200 to 3200° F. were accurately recorded on a Brown ElectroniK 
this important steel making problem. It provides basic stand- Potentiometer. 
ards of accuracy, ease of maintenance and sound mechanical 


design. 


Write for detailed information on this new Brown system. Philadelphia 44, Pa. Offices in all principal cities. Toronto, 
THE BROWN INSTRUMENT COMPANY, a division of Minne- Canada; London, England; Stockholm, Sweden; Amsterdam, 


apolis-Honeywell Regulator Company, 4464 Wayne Avenue, Holland. 


POTENTIOMETERS 
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ee 
Ladividual Blowers save 
money on Multiple Units’”’ 


Buffalo Type “CB” and “CC” Units are ideally suited for 
operation in steel mills, glass factories, metallurgical and 
chemical factories and wherever relatively small amounts 


of air are required at high pressures. 


Operating economies with these “tailor-made” blowers 
make individual installations more satisfactory than a large 


central blower system. 


Because Type “CB” and “CC” Units are built to fit the exact 
requirements of each application, peak efficiency can be 


obtained. 


Write for Bulletin 3553 which gives details. 


BUFFALO FORGE COMPANY 


173 MORTIMER ST. - - BUFFALO, NEW YORK 


CANADIAN BLOWER AND FORGE CO., LTD., KITCHENER, ONT. 








These “CB” Blowers range in capacity from 200 to 
5000 cfm, with pressure range from % |b. to 2 Ibs. 
per sq. in. 


Single stage Type “C” centrifugal compressors for capacities from 4000 to 
75,000 cfm at pressures up to 8 inches of mercury. 


Hi-Pressure 
Blowers 
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NEW N-B-M BRONZE BEARINGS 


INCREASED TONNAGE 12007, 


hat’s right—1200%. On a typical 36-inch Plate Mill—where fabric 
and babbitt had made ordinary records—N-B-M + 200 Bronze Bear- 
ings lasted 12 times as long. 


What's more: the mill reports that one pair of N-B-M Bronze Bearings 
saved $500 in labor costs for bearing changes alone. Besides great econ- 
omy, they assure: Less power consumption * Freedom from cut roll necks 
¢ More uniform gauge. 


It will actually cost you less to install N-B-M castings. Why not send for one 
of our engineers today? 


N-B-M 
BRONZE AND COPPER CASTINGS 


BLAST FURNACE COPPER CASTINGS * ROLL NECK BEARINGS ¢* SLIPPERS * HOUSING NUTS 
MACHINERY CASTINGS * BABBITT METALS * ACID RESISTING CASTINGS * PHOSPHORIZED COPPER 


_ 900% 


aati ge ae. 


200% 


100%, 


NATIONAL BEARING 


DIiviSstion 


AMERICAN 
PITTSBURGH NEW YORK 


COMPANY 





PLANTS IN: ST. LOUIS, MO. + PITTSBURGH, PA. +» MEADVILLE, PA. + JERSEY CITY, N. J. » PORTSMOUTH, VA. + ST. PAUL, MINN. + CHICAGO, ILL. 
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ROLLING TO TONNAGE 
RECORDS...AT LOWER COST 







' 





Engineered for unusually high resistance to wear, 
Torrington 4-row Tapered Roller Bearings provide - 
the accuracy and sturdiness required for high speed 
roll neck applications and other heavy-duty jobs. 


The simple design of these high capacity bearings : 

permits easy servicing and reduces costly mainten- 3 

ance time-out to a minimum, thus increasing pro- - 

duction output. to 

Superior performance is an outstanding charac- tic 

teristic of Torrington Bearings in a wide variety of Fr 

steel mill applications, such as work rolls, back-up ‘. 

rolls, edgers, reels, screwdowns, shears, pinion sh 

stands and many others. m: 

The advantages of specifying Torrington Bearings °F 

X-section and cutaway view of the Torrington in your steel mill equipment are many, including of 
4-row Tapered Roller Bearing. For maximum actual dollar and cent savings in operational costs. uf 
roll neck diameters, bearings of all tapered types Torri SB sel Divisi I Ei 
can be subvlied with proportioned cross-section. orrington’s Bantam Bearings Division places at 8 
your disposal its wide experience in the design th 

and construction of anti-friction bearings to meet ar 

specific requirements. eq 


THE TORRINGTON COMPANY + BANTAM BEARINGS DIVISION 
SOUTH BEND 21, INDIANA 


TORRINGTON BEARINGS 


STRAIGHT ROLLER + TAPERED ROLLER + NEEDLE += BALL 
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(thus saving 
brake lining) 





(thus saving brake lining) 





QUESTION: How does the Self-Centering 
Device work? , 


ANSWER: It works on the same principle as 
the swinging door—a spring returning the door 
to the same starting point, irrespective of direc- 
tion of swing. When brake is released, spring M 
pulls down brake lever arm N, causing shoe arms 
H and I to be spread apart to clear brake wheel 
L. Spring C assures equal movement of both 
shoe arms, thus preventing either shoe from re- 
maining in contact with brake wheel L. 











Spring C presses equally against contact points 
A and B (which are equally distant from center 
of spring), moving equalizing arms D and E 
upward until they are in line with each other, 
Equalizing arms D and E press against shoe 
arms H and | at contact points F + G—and as 
the pressure is at all times equal, the shoe arms 
are moved out (away from the brake wheel) 
equal distances, carrying both shoes J and K 















Wagner Electric Corporation 


ESTABLISHED 
Plymouth Avenue, St. Louis 14, Mo., U.S.A. 


Wagner Electric at Leaside, Ontario 


PRODUCTS 


6483 


In Canada: 


ELECTRICAL 


Prevents Shoe Drag... 


The new self-centering device on 
‘Wagner hydraulic bridge brakes 
will mean savings of money and 
time to the user. This new device 


prevents dragging of brake shoes 


-and here are the answers 


AND AUTOMOTIVE 
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equal distances away from the brake wheel L. 
Neither shoe can drag. 


QUESTION: Does Lining wear affect the self- 
centering device? 


ANSWER: No. When brakes are applied, shoe 
arms H and I move toward the brake drum L. 
Contact points F and G move downward, press- 
ing equalizing arms D and E downward against 
spring C at contact points A and B. As the brake 
lining wears, contact points F and G move rela- 
tively farther, pressing equalizing arms D and E 
farther down. Spring C will be depressed to a 
greater degree—but when the brake pressure is 
released, spring C will bear equally against 
points A and B, and as explained above both 
shoe arms will be moved away from the brake 
drum equal distances, and the shoes are again 
centered as before irrespective of change in lin- 
ing thickness, 


145-12 


1891 
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QUESTION: Are adjustments necessary to keep 
self-centering device operative? 

ANSWER: No, except when installed. This is 
done at contact point F by means of a set screw 
which is locked after shoes have been accurately 
centered. Wear factor at contact points is so 
insignificant that no appreciable change in cen- 
tering of shoes will occur. 


QUESTION: How are shoes adjusted to com- 
pensate for lining wear? 
ANSWER: At point O where a “one-point ad- 


justment” repositions shoes to compensate for 
lining wear. 















WAGNER PRODUCTS 
serving industry: 


AIR BRAKES 
BRAKE LINING 
HYDRAULIC BRAKES 
INDUSTRIAL BRAKES 


INDUSTRIAL 
BRAKE CONTROLS 


MOTORS 
NoReol 
TACHOGRAPH 











TRANSFORMERS 































t's Costly To Remove Oil 
From Steel Sheets 


TRADE MARK ~ 2 REGISTERED 


) OIL 


FOREIGN COUNTRIES 







IN U.S. PAT. OFFICE & 


Prevents this cleaning problem, and you too—like other Steel Mills— 
can avoid it by using NON-FLUID OIL. Drip-less and waste-less [NON- 
FLUID OIL stays in bearings and lubricates dependably until entirely 


consumed. 


Metal is protected from oil showers by the use of NON-FLUID OIL, 
particularly in overhead bearings. Cost 
of lubrication is reduced as NON- 
FLUID OIL lasts longer, so needs less 


frequent application. 


White for Descriptive Bulletin. 
NEW YORK & NEW YERSEY LUBRICHITT CO. 


292 MADISON AVENUE NEW YORK 17,N. Y. 


WORKS: NEWARK. N. J. 





WAREHOUSES: 
CHARLOTTE, N."C. - GREENVILLE,S.C. - ATLANTA, GA. PROVIDENCE, R. I. 
DETROIT, MICH. - CHICAGO, ILL. - ST. LOUIS, MO. 





NON-FLUID OIL is not the name of a general class of lubricants, but is a specific product of our exclusive manufacture. 
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Recouverds(ou calls for... 
TRAVELING ELECTRICAL CONTACT 


and HEAVY FEEDER SYSTEM 


When reconverting your haulage 
system don't overlook this complete 
line of contact rail material utilizing 
either rails, angles or wire as a 
conductor including numerous types 
of insulators for either under-running 
or over-running operation. You may 
also select from many types of current 
collectors including Junior, Universal 
and Pantagraph styles and contact 
rail shoes. 

The Keystone line also includes nu- 
merous types of clamps and insulators 
for the insulation, suspension and 
dead-ending of heavy feeder cables. 

These products are widely used in 
GIANT STRAIN INSULATORS most large steel mills, being thor- 

oughly proved in service. The com- 
plete catalog illustrated above will be 
very helpful to all interested in the 
construction or maintenance of cranes 
or feeder systems. 


CONTACT 
RAIL INSULATORS 


CABLE CLAMPS 


ELECTRIC SERVICE MANUFACTURING CO. 


Former Name--Electric Service Supplies Co 
17th & CAMBRIA STREETS « PHILADELPHIA 32 * PA. *® Branches in Principal Cities 
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Designed for Rolling 
SPECIAL STEEL ..: 








The new Birdsboro Metal roll is designed specially for rolling 





special steels. If you are experiencing difficulty in rolling air- 

( craft quality steel, alloy steel bars, corrosive steels or non-ferrous 
= metals, try Birdsboro Metal rolls and get higher tonnages, less 
reduction per dressing, added toughness and roll strength. Call 


Birdsboro today! 


BIRDSBORO STEEL FOUNDRY & MACHINE CO - BIRDSBORO, PA. 
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“Steel, The Flash Welding of” — By J. C. BARRETT, December, 1945, Page 
103. 

“Steels, The Accelerated Cooling of Cast” — By J. M. DUGAN and G. D. 
GRIFFITHS, January, 1945, Page 68. 

“Storage and Handling of Lubricants” — By L. E. LOVITT, September, 1945, 
Page 52. 

“Stoves, The Performance of Large Hot Blast” — By B. B. FROST, February, 
1945, Page 64. 

“Stream Conservation Means to the Iron and Steel Industry, What" — By 
J. R. HOFFERT, July, 1945, Page 77. 

“Strip Mills, Increasing the Power on Existing Cold" — By F. R. BURT and 
B. J. AUBURN, April, 1945, Page 46. 

“Structural Mills and Structural Roll Designing” —By ROSS E. BEYNON, 
February, 1945, Page 35. 

“Sulphur Steel, Process Control in the Production of" — By G. A. FERRIS and 
H. CLARK, July, 1945, Page 37. 

“Switchgear Engineering, Progress in” —By M. H. HOBBS, August, 1945, 
Page 62. 

“Symposium — Cleaning Steel” — April, 1945, Page 53. 

“Symposium — Disposition of Coke Oven Gas and Blast Furnace Gas” — 
By PAUL E. LEISS, R. A. LYTLE, HAROLD C. COX, H. B. HELM and L. F. 
KOPSA, August, 1945, Page 71. 


T 


“Tanks, Gas Holders, Vessels and Lines, Safety Procedure Cleaning and 
Repairing” — August, 1945, Page 81. 


“Telautograph Communication Service” — By WHITNEY HAYES, May, 1945 
Page 75. 

“Testing of Semi-Finished Bars, Quality Control” — By E. W. MAHANEY and 
D. W. LLOYD, November, 1945, Page 48. 

“Theoretical Limiting Efficiency of Various Fuels in the Open Hearth” — By 
B. M. LARSEN and C. SIDDALL, December, 1945, Page 76. 

“Tin Fusion by Radiant Tube Heating” — By HOWARD L. HALSTEAD, August, 
1945, Page 49. 

“Tin Plate, Some Factors in the Production of Electrolytic’ — By T. G. TIMBY, 
August, 1945, Page 40. 

“Tin Plate, The Outlook for Electrolytic’ —By K. W. BRIGHTON, August, 
1945, Page 37. 

“Training of Heaters, The” — By L. T. PEARSALL and J. L. McHUGH, November, 
1945, Page 59. 

“Transfers, Cooling Beds and” — By CHARLES L. RAISIG, November, 1945, 
Page 37. 

“Transformer Design, Some Developments in Modern” — By W. W. SATTERLEE, 
June, 1945, Page 62. 

“Tube Mill for Pittsburgh Steel, New Seamless” — April, 1945, Page 78. 

“Tube Mills, Modern Electric Weld" — By JOHN LUCAS, October, 1945, 
Page 50. 

“Turbines for Blast Furnace Blowers, Gas" — By PAUL R. SIDLER, April, 1945, 
Page 35. 


U 
“Uni-Temper Mill and Process, The’ — By M. D. STONE, January, 1945, 
Page 37. 
“Universal Slabbing Mill at Homestead, The” — By A. G. ERICSON, March, 
1945, Page 35. 
“Unusual Applications of Motor Control” — By P. B. HARWOOD, June, 1945, 
Page 50. 


Vv 
“Vacuum, Cleaning Open Hearth Checkers by” — By A. F. FRANZ, September, 
1945, Page 108. 


Ww 

“Water Supply” — By C. D. FOIGHT, September, 1945, Page 57. 

“Welding and Cutting in Steel Plant Maintenance” — By S. D. BAUMER, 
February, 1945, Page 80. 

“Welding in Steel Plant Maintenance, Aluminum Bronze” — By F. E. GARRIOTT, 
December, 1945, Page 98. 

“Welding in Steel Plant Maintenance, Low Temperature” —By R. D. 
WASSERMAN, March, 1945, Page 70. 

“Welding of Steel, The Flash” — By J. C. BARRETT, December, 1945, Page 
103. 

“Welding, Steel Plant” — By W. K. SIMON, September, 1945, Page 92. 

“What Stream Conservation Means to the Iron and Steel Industry” — By 
J. R. HOFFERT, July, 1945, Page 77. 


“1944, Developments in the Iron and Steel Industry During” — By W. H 
BURR, January, 1945, Page 80. 





A. I. 


BUFFALO DISTRICT — Tuesday, January 8 


“Rolling of Steel for Saws,” by Percy J. Britt, Assistant Superintendent 
Simonds Saw and Steel Company, Lockport, New York. 


CHICAGO DISTRICT — Tuesday, January 8 
“Lighting Systems, Their Maintenance and Improvement,” by B. Fantone, 
Engineering Department, Carnegie-lilinois Steel Corporation, Gary, 
Indiana. 
“Dynamic Balancing of Rotating Machines,” by A. G. Gebhard, Master 
Mechanic, Illinois Central Railroad, Chicago, Ill. 


“Electrical Installation Innovations” Inland Steel Company, East Chicago, 
Indiana. 


DETROIT DISTRICT — Tuesday, January 22 


“Reversing Versus Tandem Mills,” by M. D. Stone, Manager Development 
Department, and G. G. Beard, Vice President, United Engineering and 
Foundry Company, Pittsburgh, Pennsylvania. 
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S. E. DISTRICT 


SECTION MEETINGS 


PHILADELPHIA DISTRICT — Saturday, January 5 
“Trends in Electrical Equipment for Steel Mills,” by G. E. Stoltz, Manager 
of Steel Mill and Metal Working Section, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pennsylvania. 
“War Development and Steel,” by F. Mohler, Engineer, Stee! Mill Section, 
Industrial Engineering Section, General Electric Company, Schenectady, 
New York. 


PITTSBURGH DISTRICT — Monday, January 14 


“Radio Communication As Applied to Switch Yard Operations”, by G. 
H. Phelps, Engineering Department — Radio Division, Westinghouse Elec- 
tric Corporation, Baltimore, Maryland. 


BIRMINGHAM — January 28 


“Automatic Acceleration for Direct Current Motors,” by Edward J. Posselt, 
Supervisor Engineer, Cutler-Hammer, Inc., Milwaukee, Wisconsin. 
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HYDRAULIC me CYLINDERS 


PRACTICALLY NO 
MAINTENANCE 


VIRTUALLY 
LEAK-PROOF 


® ‘ * 


| APleuMle Source of Hydraulic Power 
\ 
The outstanding feature concerning Askania Crank-Type 
Cylinders which engineers talk about is that once they are in- 
stalled and set, you can forget about them! That’s true because 


these cylinders, employing a rotary shaft, are inherently more 
oil-tight than the reciprocating type. 








t The ground ringless pistons not only provide almost fictionless 
operation ... but they also keep maintenance at an irredu- 
cible minimum. 


Bulletin 126 describes the characteristics of Askania Crank-Type 
Cylinders in detail. Write for your copy today. 


Son. Soe wee Scene eo eee 


Soom ewe eER AL PRECISION EQUIPMENT CORPORATION SUBSIDIARY 


1601 S. MICHIGAN AVENUE, CHICAGO 16, ILLINOIS 
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I re a ee 


FOR EVERY LOAD, SPEED AND DUTY 


108 DISTINCT SERIES 


BALL, ROLLER Anp THRUST 


Separable (Magneto) @) V E 34 | 0 0 0 S I y E we Litro (''CL"') Composition 
: Retainer Ball Bearing 


Bal! Bearing 
VQ" to 22'2"" Bore—Metric and Inch Sizes 


Write for the Catalog and Engineering Counsel 


NORMA-HOFFMANN BEARINGS CORP'’N.—STAMFORD, CONN., U.S. A. 


(NVIKMA= Al F FMANIN 








Double Row Self-Aligning 
Ball Bearing 


Shielded Type Single ub 9000 Series (Feitiess) Cartridge’ Fully Sealed, 
. y Refillable Type Ba 
Row Ball Bearing | 3 Paring Sealed Ball Bearing Bearing 


Single Direction Ball 
Thrust Bearing 
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“THE NEW SPEEDAIRE \ou 
FAN-COOLED UNIT? 








‘Cleveland’ on the housing ohh 
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SPEEDAIRE 
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“More Horsepower for Your 

Dollar” with Speedaire — 

Cleveland’s new Fan-Cooled 
Worm Gear Unit 


e@ The Induction Fan continually re- 
moves heat by means of a high-velocity 
air stream scouring the surfaces of the 
oil reservoir. 


e@ Because Speedaire is Fan-Cooled, it 
will do more work—and deliver up to 
double the horsepower of standard worm 
units of equal frame size, at usual motor 


speeds. 


@ Speedaire can be installed economi- 
cally on many applications where other 
types have been used heretofore—giving 
you the advantages of a compact right- 
angle Drive. 

e Speedaire is furnished in 6 standard 
sizes—from 3 to 95 H.P. 





SPEEDAIRE 


means it’s GOT to be good!” 


As the master mechanic would report: 


“We have installed more than 100 Cleveland Worm 
Gear Speed Reducers since 1922—a lot of them 
must operate under 24-hour shock load conditions. 


“Naturally my crews know what’s going on, and 
the file cards keep the information up to date. 


“We have had no shutdowns due to failure of our 
Cleveland Drives. We have had no parts to replace 
—and no maintenance costs worth writing down. 
That’s the background that ‘sold’ us on Speedaire 
—the new Fan-Cooled Worm Gear Unit.” 


Cleveland builds it—Cleveland’s know-how goes 
into it—‘Cleveland’ on the housing says Speedaire 
has got to be good! 


The new Cleveland Speedaire— modern Worm Gear 
Drive for your modern equipment — is described in 
Catalog 300. Complete with illustrations, graphs and 
operating data—shall we send you a copy? 


THE (CLEVELAND WORM & GEAR COMPANY 
3278 East 80th Street « Cleveland 4, Ohio 
Affiliate: — 
THE FARVAz CORPORATION, Centralized Systems of Lubrication 
In Canada: Peacock Brothers, Limited 


FAN COOLED 











2300-VOLT PACKAGED CONTROL FOR 


SURE, SHORT-CIRCUIT PROTECTION 
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A group of 20 Limitamp controllers—cubicle- 
type construction makes for easy installa- 
tion and attractive appearance, and yet 
takes a small amount of floor space. 


Factory-assembled Control 
Offers You 3 Important Savings 


1. Simplifies Purchasing and Layouts—When you 
specify G-E Limitamp control, you save hours for 
your engineers, buyers, and draftsmen—our engineers 
have assumed full responsibility for ‘selecting and 
assembling the correct control components for you. 


Limitamp controllers can 
also be used singly. 
14-cycle Operation Means Safety 
Limitamp control will stop high-voltage fault cut 
rents in one-quarter cycle, and clear them in less tha 
one-half cycle—reducing the effect of the short circu 
on your motor or control. 


2 « Saves Installation Time and Space—Instead of Other Advantages, Too 
many separate devices, you install only one control Bulletin GEA-4247 will tell you all about them 
board. You just have to put the preassembled group how Limitamp control affords safety for men af 
control in place and connect the incoming and out- machines, how it can be furnished as single uni 
going motor leads, and it’s all set to go to work. and how it comes in different en- 

closures for different operating 


3. Saves Critical Materials—These starters help conditions. For a copy, contact 
you save the vital materials that would otherwise be your local G-E office or write di- ; 


used for buses, conduit fittings, and wire connections. rectly to General Electric Co., 
Schenectady 5, N. Y. 


INDUSTRIAL 


& GENERAL {% ELECTRIC Bitar 











